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feed line (line A), and a cross-linking agent, which has 
been fed in a liquid form through another feed line (line 
B), together at a mixing junction (M) such that the un- 
cross-linked polymer is allowed to continuously undergo 
a cross-linking reaction; and continuously discharging 
and collecting the resulting cross-linking reaction prod- 
uct as the cross-linked polymer through a discharge line 
(line C). Also disclosed is a production apparatus having 
such feed lines, mixing junction and discharge line. Ac- 
cording to these production process and apparatus, 
cross-linked polymers each of which can achieve high 
water absorption can be continuously produced with 
high productivity. 
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Description 
TECHNICAL FIELD 

[0001] This Invention relates to a continuous produc- 
tion process for cross-llnl<ed polymers, and also to a 
continuous production apparatus for cross-linked poly- 
mers, which Is suitable for use in practicing the produc- 
tion process. Preferred examples of the cross-linked 
polymers can include, but are not particularly limited to, 
cross-linked polyaspartic acid resins and their precur- 
sors (Intermediates), that Is, cross-linked polysucclnim- 
ides. 

[0002] The cross-linked polymer production process 
and apparatus according to the present Invention are 
excellent, for example, in the volumetric efficiency of 
each production step, are superb In that the production 
is continuous, and can provide cross-linked polymers 
with high productivity. 

[0003] A production process and apparatus for cross- 
linked polyaspartic acid resins or cross-linked polysuc- 
clnimides, which are typical embodiments of the present 
invention, can provide not only superabsorbent resins 
and the like having degradabillty and/or biodegradabillty 
with high productivity but also superabsorbent resins 
having outstanding water absorbency. 

BACKGROUND ART 

[0004] A description will be made about the conven- 
tional art on the production process and apparatus for 
cross-linked polyaspartic acid resins or cross-linked 
polysuccinlmides, whteh are the typical embodiments of 
the. present invention. 

[0005] A cross-linked superabsorbent resin is a resin 
capable of absorbing water from several tens of times 
to several thousands of times as much Its own weight. 
Such cross-linked superabsorbent resin are used in a 
wide variety of fields such as sanitary products such as 
disposable diapers, sanitary supplies, breast milk pads, 
and disposable dustcloths; medical supplies such as 
wound-protecting dressing materials, medical under- 
pads, and cataplasms; dally necessaries such as pet 
sheets, portable toilets, gel-type aromatics, gel-type de- 
odorants, sweat-absorbing fibers, and disposable pock- 
et heaters; toiletry products such as shampoos, hair-set- 
ting gels, and humectants; agricultural and horticultural 
products such as agricultural and horticultural water- 
holding materials; life extenders for cut flowers, floral 
foams (fixing bases for cut flowers), seedling nursery 
beds, solution culture vegetation sheets, seed tapes, 
fluidlzed seedling media, and dew-preventing agricul- 
tural sheets; food packaging materials such as fresh- 
ness-retaining materials for food trays, and drip absorb- 
ent sheets; materials for use during transportation, such 
as cold insulators, and water absorbent sheets for use 
during the transportation of fresh vegetables; construc- 
tion and dvll engineering materials such as dew-pre- 



venting construction materials, sealing materials for civil 
engineering and construction, lost circulation preven- 
tives for shield tunneling, concrete admixtures, gaskets 
and packings; materials for electric and electronic 
5 equipment, such as sealing materials for fiber optics and 
electronic equipment, watertjiocking materials for com- 
munication cables, and ink jet recording papers; water 
treatment materials, such as sludge solidlflers, and de- 
hydrating or water-eliminating agents for gasoline and 
10 oils; textile-printing sizing materials; water-swelling 
toys; and artificial snow. Using their sustained-release 
property of chemicals, applications such as sustained- 
release fertilizers, sustained-release agrichemicals and 
sustained-release drugs are expected. Further, using 
15 their hydrophillclty, their application as humidity-regulat- 
ing materials is expected; and using their charge-hold- 
ing property, their application as antistatic agents is also 
expected. 

[0006] However, it is primarily acrylate-based, cross- 
20 linked superabsoriaent resins that have heretofore been 
used forthe above-mentioned applications. As acrylate- 
based, cross-linked superabsortDent resins practically 
have no biodegradabillty, they are indteated to Involve 
a potential problem in that they may become causes for 
2s various environmental problems when they are dis- 
posed of after use. 

[0007] Biodegradable resins are, therefore, attracting 
interests in recent years, and as replacements for con- 
ventional non-biodegradable resins, use of resins hav- 

30 ing biodegradabillty has also been proposed in cross- 
linked superabsorijent resins. As an example, resins 
each of which can be obtained by cross-linking a 
polyamino acid are attracting interests. Polyamino acid 
resins have biodegradabillty and are thus compatible 

35 with the global environment. Even when absort^ed in the 
body, they are digested and absoribed by enzymatic ac- 
tion and moreover, they do not exhibit antlgeneclty in 
the body and their metabolites are free of toxicity. These 
resins are accordingly materials which are also safe for 

40 human beings. 

[0008] As a disclosed example of such a resin, a proc- 
ess for the production of a polymer having high water- 
absorbency, which comprises Irradiating y rays to poly- 
y-glutamic acid, was reported by Kunioka et al. in 

45 KOBUNSHI RONBUNSHU (The Journal of the Society 
of Polymer Science, Japan), 50(10), 755 (1993). From 
an industrial viewpoint, however, a ^oco irradiation sys- 
tem for use In this technology requires considerable 
equipment for shielding radiation, and sufficient care is 

50 also required for its control. This technology is therefore 
not practical. 

[0009] In addition, a process for obtaining a hydrogel 
by cross-linking an acidic amino acid was reported by 
Akamatsu et al. in JP 52-41309 B (con-es. U.S. Pat. No. 
55 3,948,863). Further, use of cross-linked amino acid res- 
Ins as superabsorbent polymers was reported by Sikes 
et al. in JP PCT 6-506244 A (corres. PCT Int. Publn. 
W092/1 72525). However, those resins were not suffi- 
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cient in water absorbency and saline absorbency and 
were not practically usable. 

[0010] As a process for the production of a cross- 
linlced polyaspartic acid, it lias been disclosed to pro- 
duce a cross-linked polysucclnimide from a polysuccin- s 
imlde solution and a cross-linking agent and then to hy- 
drolyze Its imlde rings [JP 7-2241 63 A (corres. U.S. Pat. 
No. 5,461,085)]. This production process can provide 
high water absorbency and yield but on the other hand, 
is accompanied by a problem in that, when a cross-link- io 
ing reaction is conducted in a stlnred tank, bulk gelation 
takes place In the stirred tank as the cross-linking reac- 
tion proceeds, thereby making it impossible to continue 
stirring or In that the productivity is very low. due to dep- 
osition or the like of the product on an Inner wall of a is 
reactor. Such bulk gelation prevents practice of contin- 
uous production which is an industrially preferred em- 
bodiment, so that the cross-linked polyaspartic acid can 
hardly be produced with excellent productivity. Further, 
the designing of an apparatus was also very difficult be- 20 
cause loose gel is formed with'greater volume as the 
scale of the apparatus increases. 
[001 1 ] Also disclosed is a process in which with a view 
to overcoming these problems, cross-linking of a poly- 
succlnimide is conducted by adding a solvent, which is 25 
poor for the polysucclnimide, to the system [JP 
9-1 69840]. Although this process has a merit In that bulk 
gelation can be prevented and continuous production is 
hence feasible, it Involves at least the following prob- 
lems (1) to (5): 30 

(1 ) Use of the poor solvent in a large amount makes 
it impossible to conduct the cross-linking reaction 
in a fully homogeneous state and therefore, leads 

to a superabsorbent resin lower in perfomiance 35 
and/or yield than that available from practice of the 
cross-linking reaction in a state of good homogene- 
ity. 

(2) Use of the poor solvent in a large amount leads 

to a reduction in volumetric efficiency, although bulk 40 
gelation can be prevented. 

(3) Use of the poor solvent In a large amount re- 
quires a large apparatus, because due to a low con- 
centration of the uncross-linked reactant. the 
progress of the cross-linking reaction is slow and 45 
long time is hence needed for the cross-linking re- 
action. 

(4) Use of the poor solvent in a small amount results 
in a cross-linking reaction mixture of higher viscos- 
ity, thereby making it difficult to continue stirring. so 

(5) Localized bulk gelation takes place unless the 
poor solvent is added in a proper amount or stimng 
is sufficient. 

DISCLOSURE OF THE INVENTION 55 

[001 21 An object of the present invention Is to provide 
a continuous production process and apparatus for a 



cross-linked polymer, whteh can solve the above-men- 
tioned problems of the conventional art. 
[0013] Preferred examples of the cross-linked poly- 
mers can include, but are not particularly limited to, 
cross-linked, polyaspartic acid resins and their precur- 
sors (intemiediates). that is, cross-linked polysucclnlm- 
Ides. 

[0014] In more detail, an object of the present Inven- 
tion is to provide a continuous production process and 
apparatus for a cross-linked polymer, which are excel- 
lent in the volumetric efficiency of each production step, 
are superb in that the production is continuous, and can 
produce a cross-linked polymer with high productivity. 
Still more specifically, the object of the present invention 
is to provide a continuous production process and ap- 
paratus for a cross-linked polyaspartic acid resin, which 
is a superabsorbent resin having degradability and/or 
biodegradability, or a cross-linked polysucclnimide as a 
precursor (intennediate) for the cross-linked polyaspar- 
tic acid resin, which can produce the cross-linked pol- 
yaspartic acid resin or the cross-linked polysucclnimide 
with high productivity. 

[0015] Another object of the present invention is to 
provide a production process and apparatus, which can 
be used with high productivity for the production of a 
cross-linked reaction product in desired one of various 
forms, including a gel form and the like, with high pro- 
ductivity, for example, which can produce a cross-linked 
polyaspartic acid base with high productivity. 
[0016] A further object of the present Invention Is to 
provide a production process and apparatus for a su- 
perabsorbent resin, such as a polyaspartic acid resin or 
the like having outstanding water absorbency. or for a 
cross-linked polysucclnimide as a precursor (intermedi- 
ate) for the polyaspartic acid resin. 
[0017] With a view to achieving the above-described 
object, the present inventors have proceeded with an 
extensive investigation. As a result, it has been found 
that upon production of a cross-linked polyaspartic acid 
resin capable of achieving high water absorption, prac- 
tice of Its cross-linking reaction by use of specific lines 
A to C makes it possible to get along with a cross-linked 
reaction product In desired one of various forms, includ- 
ing a gel fonrr which has heretofore been a form to be 
avoided, and that the cross- linked polyaspartic acid res- 
in can be produced with high productivity, leading to the 
completion of the present invention. 
[0018] The present invention, therefore, provides a 
continuous production process for a cross-linked poly- 
mer, including mixing an uncross-linked polymer and a 
cross-linking agent together and conducting a cross- 
linking reaction, which comprises the following steps: 
continuously mixing said uncross-linked polymer, which 
has been fed in a liquid form through a feed line (line A), 
and said cross-linking agent, which has been fed In a 
liquid fomri through another feed line (line B), together 
at a mixing junction (M) such that said uncross-linked 
polymer is allowed to continuously undergo said cross- 
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linking reaction; and continuously discharging and col- 
lecting the resulting cross-linking reaction product as 
said cross-linked polymer through a discharge line (line 
C). 

[0019] The present Invention also provides a contin- 
uous production apparatus for a cross-linked polymer, 
which comprises a feed line (line A) for feeding an un- 
cross-Ilnked polymer in a liquid fomi, another feed line 
(line B) for feeding a cross-linking agent in a liquid fomi, 
a mixing junction (M) and a discharge line (line C) for 
discharging said cross-linked polymer, wherein said 
mixing Junction has a function to continuously mix said 
uncross-llnked polymer, which has been fed in said liq- 
uid fomi through said feed line (line A), and said cross- 
linking agent, which has been fed in said liquid forni 
through said another feed line (line B), together such 
that a cross-linking reaction is continuously conducted, 
and said discharge line (line C) has a function to contin- 
uously discharge and collect the resulting cross-linking 
reaction product as said cross-linked polymer. 

BRIEF DESCRIPTION OF THE DRAWING 

[0020] FIG- 1 illustrates a basic concept of the contin- 
uous production process and apparatus of the present 
Invention for the cross-lined polymer. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0021] A description will hereinafter be made about 
production processes and apparatus for cross-linked 
polyaspartic acid resins or cross-linked polysuccinim- 
ides, whk^h are typk^al embodiments of the present in- 
vention. The following description, however, should not 
be relied upon as a basis for narrowly Interpreting the 
term "cross-linked polymer" as used herein only as a 
"cross-linked polyaspartic acid resin" or a "cross-linked 
polysuccinimide". 

[Cross-linked polymer, and uncross-llnked polymer] 

[0022] The tenri "cross-linked polymer" as used here- 
in means a polymer having a cross-linked structure 
formed by reacting a cross-linking agent to at least a 
part of an uncross-llnked polymer. This uncross-llnked 
polymer Is preferably a hydrophilic polymer, with a wa- 
ter-soluble polymer being more preferred. As the un- 
cross-llnked polymer in the present Invention, a super- 
absorbent polymer and/or a superabsorbent polymer 
precursor is preferred, and an uncross-llnked polyamino 
acid derivative is also preferred. It is to be noted that the 
term "uncross-llnked polyamino acid derivative" encom- 
passes uncross-llnked polysucclnlmides In its concept. 
[0023] The cross-linked polymer in the present Inven- 
tion Is preferably a hydrophilic cross-linked polymer, 
with a water-insoluble polymer being more preferred. As 
the hydrophilic cross-linked polymer In the present in- 



vention, a superabsorbent polymer and/or a superab- 
sorbent polymer precursor is preferred. It is to be noted 
that the term "superabsorbent polymer precursor" en- 
compasses cross-linked polysuccinim Ides in its concept 

5 and that the term "superabsorit>ent polymer" embraces 
cross-linked polyaspartic "acids in its concept, 
[0024] Further, the cross-linked polymer In the 
present invention Is preferably a cross-linked polyamino 
acid derivative. It is to be noted that the term "cross- 

10 Hnked polyamino acid derivative" includes cross-linked 
polysuccinimides and cross-linked polyaspartic acids. 
[0025] Described specifically, prefenred embodiments 
of the cross-linked polymer according to the present In- 
vention can Include cross-linked polyaspartic acid res- 

'5 ins and cross-linked polysucclnlmides. Preferred em- 
bodiments of the uncrosslinked polymer, on the other 
hand, can include polysuccinimides. 



20 



[Cross-linked polyaspartic acid resin] 



[0026] A description will be made about a cross-linked 
polyaspartic acid resin which is a specific example of 
the cross-linked polymer in the present Invention. 
Roughly dividing the cross-linked polyaspartic acid resin 
25 In structure, it is composed of a backbone basic skeleton 
part, side chain parts and cross-linked parts. These 
parts will hereinafter be described under (1)-(3). 

(1 ) Structure of the backbone basic skeleton of the 
30 cross-linked polyaspartic acid resin 

[0027] Recurring units of the backbone basic skeleton 
of the cross-linked polyaspartic acid resin produced in 
the present invention may each be formed of an aspartic 

35 acid residual group alone or of a copolymer of aspartic 
acid and an amino acid other than aspartic acid. It Is to 
be noted that in the present invention, recurring units 
formed of aspartic acid in a polymer are called "aspartic 
acid residual groups" Irrespective of the type of bonding. 

40 [0028] Specific examples of the amino acid other than 
aspartic acid can include amino acids and amino acid 
derivatives - such as 19 types of Indispensable amino 
acids other than aspartic acid, L-omlthine, a series of a- 
amino acids, p-alanlne, y-amlnobutyric acid, neutral 

45 amino acids, acidic amino acids, o>-esters of acidic ami- 
no acids, basic amino acids, N-substituted derivatives 
of basic amino acids, aspartic acid-L-phenylalanlne 
dimer (aspartame); and aminosulfonic acids such as L- 
cysteic acid. Each a-amino acid may be in the form of 

50 either an optically active substance (L-form or D-fonrn) 
or a racemic modification. 

[0029] When the recurring units of the backbone basic 
skeleton are composed of a copolymer, the copolymer 
can be any one of a block copolymer, a random copol- 
55 ymer and a graft copolymer. 

[0030] No particular limitation Is Imposed on the 
number of recurring units each of which Is composed of 
an aspartic acid residual group, but the recuning units 
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of the aspartic acid residual groups may account gen- 
erally for 1 mol.% or more, preferably for 10 mol.% or 
more based on the total number of recurring units which 
make up the molecule. 

[0031 ] The recuning units of the backbone basic sket- 5 
eton of the cross-linked polyaspartic acid resin may pref- 
erably formed of aspartic acid residual groups alone or 
of a copolymer of aspartic acid and glutamic acid or 
lysine from the standpoint of providing the resin with 
high water absorbency. From the standpoint of industrial io 
production, it is particularly preferred that the recun-lng 
units are formed of aspartic acid residual groups alone. 
[0032] In the backbone basic skeleton of polyaspartic 
acid, amide bonds in the backbone may be either a- 
bonds or p-bonds. In the case of polyaspartic acid or its f5 
copolymer, an amide bond Is an a-bond where an amino 
group or the like in aspartic acid or a copolymer unit is 
bonded with the a-carboxyl group of aspartic acid, but 
an amide bond is a p-bond where an amino group or the 
like in aspartic acid or a copolymer unit is bonded with 2o 
the p-carboxyl group of aspartic acid. In this polyaspartic 
acid, such a-bonds and p-bonds are generally found to- 
gether No particularllmltation is imposed on the manner 
of bonding. 

[0033] The side chain parts and cross-linked parts of 25 
the polymer are basically f onmed of a carboxylic acid de- 
rivative which has been obtained by substituting car- 
boxyl groups of polyaspartic acid. Details of these side 
chain parts and cross-linked parts will hereinafter be de- 
scribed. 30 

(2) Structure of the side chain parts of the cross-linked 
polyaspartic acid resin 

[0034] The side chain parts of the cross-linked pol- 35 
yaspartic acid resin have a structure, which has been 
formed by hydrolytically opening an imide ring of the 
cross-linked polysucclnimide and contains a carboxyl 
group fonned by the hydrolysis. The cross-linked pol- 
yaspartic acid resin may also contain side chain parts 40 
each of which contains one or more other substituent 
groups. Examples of such other substituent groups can 
Include, but are not particulariy limited to, pendant 
groups containing one or more of hydroxyl, amino, mer- 
capto, cariDoxyl, sulfonic, phosphonic, alkyi, aryl and ar- 45 
alkyi groups. Further, such pendant groups may be 
alkyI, aralkyi and/or aryl groups having no specific sub- 
stituent group or groups. These pendant groups are 
bonded with polyaspartic acid residual groups, prefera- 
bly via an amide bond, an ester bond, a thioester bond so 
or the like. 

[0035] The carboxyl groups formed by the hydrolysis 
may each be either in a free form or in the form of a salt. 
Specific examples of ions capable of fomning salts can 
include metal ions such as sodium, potassium and lith- ss 
lum ions; ammonium ions such as ammonium, tetram- 
ethylammonlum, tetraethylammonlum, tetrapropylam- 
monium, tetrabutylammonium, tetrapentylammonlum 



tetrahexylammonium ethyltrimethylammonlum, trlmeth- 
ylpropyl-ammonium, butyltrimethylammonium, pentylt- 
rimethylammonium, hexyltrimethylammonlum, cy- 
clohexyltrimethylammonium, benzyltrimethylammoni- 
um, triethylpropylammonium, triethylbutylammonium, 
triethylpentylammonium, triethylhexylammonium, cy- 
clohexyltriethylammonium, and benzyltriethylammoni- 
um ions; and amine ions such as trimethylamlne, trl- 
ethylamine, tripropylamlne. tributylamine, trip- 
entylamine. trihexylamlne, triethanolamlne, tripropa- 
nolamlne, tributanolamine, tripentanolamine, trihex- 
anolamlne, dimethylamine, diethyl-amine, dipro- 
pylamine, dibutylamine, dipentylamine, dihexyl-amine, 
dicyclohexylamine, dibenzylamine, ethylmethyiamine, 
methypropylamine, butylmethylamlne, methyl- 
pentylamine. methylhexylamine, methylamine, ethyl- 
amine, propylamine, butylamine, pentylamine, hexy- 
lamlne, octylamine, decylamine, dodecylamine, and 
hexadecylamine ions. 

[0038] The smaller the atomic weight or molecular 
weight of ions, the more preferred, because Ions with a 
greater atomto weight or molecular weight correspond- 
ingly result in a greater molecular weight per monomer 
unit and hence In a smaller water absorption per unit. 
Further, when there Is possibility of coming Into contact 
with the human skin or the like, ions with either no or 
lower toxicity Is preferred. Among the above-exempli- 
fied ions, use of sodium, potassium, lithium, ammonium 
or triethanolamlne ions are preferred from these stand- 
points, with use of sodium or potassium ions being par- 
ticulariy prefen^ed. 

(3) Structure of the cross-linked parts of the cross-linked 
polyaspartic acid resin 

[0037] Concerning the cross-linked portion in the 
cross-linked polyaspartic acid resin, no particular limita- 
tion is imposed on their molecular structure. The cross- 
linked portions in the cross-linked polyaspartic acid res- 
in can be discussed by dividing them Into "bond por- 
tions" to the basic skeleton of the polymer backbone and 
"linkage portions" which cross-link these bond portions 
together. 

[0038] No particular limitation is imposed on the "link- 
age portions" in the cross-linked parts of the cross- 
linked polyaspartic acid resin. Their specific examples 
can include structures fonned of amide bonds, ester 
bonds or thioester bonds These types of structures may 
be contained either singly or in combination. 
[0039] On the other hand, no particular limitation is 
imposed on the "linkage portions" in the cross-linked 
parts of the cross-linked polyaspartic acid resin. The 
linkage portions may be either substituted by substituent 
groups or unsubstituted. Illustrative of such substituent 
groups are linear or branched alkyi groups having 1 to 
1 8 carbon atoms, cycloalkyi groups having 3 to 8 carbon 
atoms, aralkyi groups, substituted or unsubstituted phe- 
nyl groups, substituted or unsubstituted naphthyl 
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groups, linear or branched alkoxy groups having 1 to 18 
carbon atoms, aralkyloxy groups, phenylthio groups, lin- 
ear or branched alkylthio groups having 1 to 18 carbon 
atoms, linear or branched alkylamlno groups having 1 
to 18 carbon atoms, linear or branched dialkylamino 5 
groups In which each of the alkyl groups has 1 to 18 
carbon atoms, linear or branched trialkylammonium 
groups in which each of the allcyl groups has 1 to 18 
carbon atoms, hydroxyl group, amino group, mercapto 
group, carboxyl group, sulfonic and phosphonic groups io 
and salts thereof, alkoxycarbonyl groups, and alkylcar- 
bonyloxy groups. 

[0040] Examples can include alkyl groups such as 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, decyl, undecyl. dodecyl, tridecyl, tetradecyl, pen- is 
tadecyl, hexadecyl, heptadecyl and octadecyl; cy- 
cloalkyl groups such as cyclopropyl, cyclobutyl, cy- 
clopentyl, cyclohexyl, cycloheptyl and cyclo-octyl; ar- 
alkyl groups such as benzyl, phenylethyl, phenylpropyl 
and phenylbutyl; phenyl groups such as phenyl, tolyl, 20 
xylyl, chlorophenyl and biphenyl; naphthyl groups such 
as naphthyl and methylnaphthyl; alkoxy groups such as 
methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy, 
heptyloxy, octyloxy, decyloxy, undecyloxy, dodecyloxy, 
tridecyloxy, tetradecyloxy, penta-decyloxy, hexadecy- 25 
loxy, heptyldecyloxy and octyldecyloxy; aralkyloxy 
groups such as phenoxy, benzyloxy and tolyloxy; 
alkylthio groups such as methylthio, ethylthio, propylth- 
io, butylthio, pentylthlo. hexylthio, heptylthio, octylthio, 
nonylthio, decylthio. undecylthio, dodecylthio, tride- 30 
cylthio, tetradecylthio, pentadecylthio, hexadecylthio, 
heptyldecyl-thio and octyldecylthio; aralkylthio groups 
such as phenylthio, benzylthio and tolylthio; alkylamino 
groups such as methylamino, ethylamino, propylamine, 
butylamino, pentylamino hexylamino, heptylamino, oc- ss 
tylamino, nonylamino, decylamino, undecylamino, do- 
decylamlno, tridecylamino, tetradecylamino, pentade- 
cylamino, hexadecylamfno, heptyl-decylamino and oc- 
tyldecylamino; dialkylamino groups such as dimethyl- 
amino, diethylamino, dipropylamino, dibutylamino, 40 
dipentylamino dihexylamino, diheptylamino. dloctytemi- 
no, dinonylamino, didecylamino, diundecylamino, dido- 
decylamino, ditridecylamlno. ditetradecylamino, dipen- 
tadecylamlno, dihexadecylamino, dlheptyldecylamlno, 
dioctyldecylamino, ethylmethylamino and methylpro- 45 
pylamino; trialkylammonium groups such as trimethyl- 
ammonium, triethylammonium tri-propyiammonium, 
tributylammonium, tripentylammonium, tri-hexylammo- 
nium, triheptylammonium, trioctylammonium, tri-nony- 
lammonium, tridecylammonium, triundecylammonium, so 
tridodecylammonium, tritetradecylammonium, tripenta- 
decylammonium, trihexadecyl-ammonium, triheptylde- 
cyl-ammonium, trioctyldecylammonium dimethylethyl- 
ammonium, dimethylbenzylammonium and methyl- 
dibenzylammonium; hydroxyl; amino; mercapto; car- ss 
boxyl; sulfonic and phosphonte, and salts thereof; alky- 
loxycarbonyl groups such as methyloxycarbonyl, ethyl- 
oxycarbonyl. propyloxycarbonyl, butyloxycarbonyl, 



pentyloxycarbonyl, hexyloxycarbonyl, heptyloxycarbo- 
nyl, octyloxycarbonyl. nonyloxycarbonyl, decyloxycarb- 
onyl. undecyloxycarbonyl. dodecyloxycarbonyl, tridecy- 
loxycarbonyl, tetradecyloxy-carbonyl, pentadecyloxy- 
carbonyl, hexadecyloxycarbonyl, heptadecyloxycarbo- 
nyl and octadecyloxycarbonyl; and alkyl-carbonyloxy 
groups such as met hylcarbony loxy. ethyl-carbonyloxy. 
propylcarbonyloxy, butylcarbonyloxy, pentyl-carbony- 
loxy, hexylcarbonyloxy, heptytearbonyloxy, octyl-carbo- 
nyloxy, nonylcarbonyloxy, decylcarbonyloxy. undecyl- 
carbonyloxy, dodecylcarbonyloxy, tridecylcarbonyloxy, 
tetradecylcarbonyloxy, pentadecyl-carbonyloxy, hexa- 
decyl-carbonyloxy, heptadecylcarbonyloxy and octade- 
cyicarbonyloxy. 

[0041] Among these, selection of substituent groups 
having lower molecular weight is preferred, because se- 
lection of substituent groups having ions having higher 
molecular weight correspondingly results in recurring 
units having higher molecular weight and hence in a 
smaller water absorption per unit weight. In general, it 
is also preferred to select substituent groups which do 
not render the production steps complex. Preferred ex- 
amples can, therefore, include unsubstituted groups or 
groups substituted by one or more substituent groups 
(for example, methyl, ethyl, methoxy, methyloxycarbo- 
nyl and/or methytcarbonyloxy groups; and/or hydroxyl, 
amino, mercapto, carboxyl, and/or sulfonic and/or phos- 
phonic and/or salts thereof). 

[0042] When the cross-linked polyaspartic acid resin 
is used for application as a water-holding material, it is 
preferred to contain polar groups in the resin molecule. 
As the cross-linked parts, those containing polar groups 
in unsubstituted fomns or those substituted by substitu- 
ent groups containing polar groups (for example, hy- 
droxyl groups, amino groups, mercapto groups, car- 
boxyl groups, and/or sulfonic groups and phosphonic 
groups and/or salts thereof) are therefore particularly 
preferred. 

[Cross-linked polysuccinlmide} 

[0043] The cross-linked polysuccinlmide in the 
present invention is a copolymer, which preferably has 
a structure corresponding to the basic skeleton of the 
above-described cross-linked polyaspartic acid resin 
and/or a precursor structure corresponding to the basic 
skeleton of the above-described cross-linked pol- 
yaspartic acid resin. 

[PolysuccinimideJ 

[0044] The polys uccinimlde for use in the present In- 
vention may be either one having a linear structure or 
one having a branched structure. 
[0045] The polysuccinlmide may also be a copolymer, 
which preferably has a structure corresponding to the 
backbone basic skeleton of the above-described cross- 
linked polyaspartic acid resin and/or a precursor struc- 
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ture corresponding to the backbone basic skeleton of 
the above-described cross-linked polyaspartic acid res- 
in. 

[0046] No parttoular itmitatlon Is imposed on the pro- 
duction process of the polys ucclnimide for use In the 
present Invention. As a specific example, the process 
reported by R Neri et al. In Journal of Medicinal Chem- 
istry, 16(8), 1973 can be mentioned. Although no partic- 
ular limitation is Imposed on the weight average molec- 
ular weight of the polysuccinimlde, a higher weight av- 
erage molecular weight generally leads to higher per- 
formance when employed as a superabsorbent or a wa- 
ter-holding material. The weight average molecular 
weight is generally 30,000 or higher, preferably 50,000 
or higher, more preferably 70,000 or higher, particularly 
preferably 80,000 or higher, most preferably 90,000 or 
higher. It is preferred for the polysuccinimlde to contain 
impurities (for example, an acid catalyst and the like) at 
low levels, with impurity contents of 0 wt.% being more 
prefen^ed. 

[Cross-linking agent] 

[0047] No particular limitation Is Imposed on the 
cross-linking agent for use In the present Invention In- 
sofar as it Is a polyfunctional compound capable of re- 
acting with at least a part of the uncross-llnked polymer 
to fomri cross-linking structures. When the uncross- 
llnked polymer Is a polysuccinimlde, for example, a poly- 
functional compound which reacts with at least some of 
imide ring portions is used as a cross-linking agent. 
[0048] Illustrative are polyfunctional compounds such 
as polyamines and polythiols. Concrete examples can 
Include aliphatic polyamines such as hydrazine, ethyl- 
enediamlne, propylenediamlne, 1 ,4-butanediamine, 
pentamethylenedlamine, hexamethylenediamtne, hep- 
tamethylenediamine, octamethylene-diamine, noname- 
thylenedlamine, decamethylene-diamlne, undecameth- 
ylenediamlne, dodecamethylenedlamine, tetradecame- 
thylenediamlne, hexadecamethylenediamine, 1-amino- 
2,2-bls(aminomethyl)butane, tetraaminomethane, dl- 
ethylenetriamine and triethylenetetramlne; allcycllc 
polyamines such as nortsomenediamine, 1 ,4-diamlnoc- 
yclohexane, 1 ,3,5-triamlnocyclohexane and isophor- 
onediamine; aromatic polyamines such as phenylene- 
dlamlne, tolylenediamine and xylylenediamine; 
polyamines such as basic amino acids and esters there- 
of, compounds formed as a result of bonding of one or 
more molecules of monoamine compounds through one 
or more disulfide bonds, such as cystamine, and deriv- 
atives thereof; aliphatic polythiols such as 1 ,2-ethan- 
edithiol, 1 ,3-propanedlthlol, 1 ,4-butanedrthiol, 1,6-hex- 
anedlthiols and pentaerythrithiol; alicyclic polythiols 
such as cyclohexanedithol; aromatic polythiols such as 
xylylene-dithlol, benzenedlthlol and toluenedlthlol; and 
esters such as trimethylolpropanetris (thioglycolate), tri- 
methylolpropane tris (3-mercaptoproplonate). pentaer- 
ythrftol tetrakis (thioglycolate), and pentaerythritol tet- 



rakis (3-mercaptopropionate)polythiols. Further, protein 
constituent amino acids led by lysine, cystine and orni- 
thine and their salts and esters can also be mentioned. 
[0049] Among these, preferred cross-linking agents 
s are those having less odor and high reactivity with the 
imide rings of the polysuccin imide, that is, ethylenedl- 
amine, propylenediamlne, 1 ,4-butanediamine, heptam- 
ethylenedlamlne, hexamethylenedlamine, lysine, orni- 
thine, and cystamine. 

10 

[Liquid uncross-llnked polymer] 

[0050] As the liquid uncross-Iinked polymer in the 
present, invention, (1) a solution with at least a portion 

15 of the uncross-Iinked polymer dissolved in a soh^ent, (2) 
a dispersion with the uncross-Iinked polymer dispersed 
in a solvent or (3) a melt of the uncross-Iinked polymer, 
the temperature of which is equal to or higher than the 
melting point of the uncross-llnked polymer, can be used 

20 preferably. 

[0051] Although no particular limitation is imposed on 
the concentration of the uncross-Iinked polymer in such 
a solution, dispersion or melt, the concentration, In gen- 
eral, may range preferably from 1 to 100 wt.%, more 

25 preferably from 5 to 80 wt.%, particularly preferably from 
1 0 to 60 wt.%, most preferably from 1 5 to 50 wt.%. It Is 
preferred to use the uncross-llnked polymer by adjusting 
its concentration within this range in view of the mixing 
readiness with the liquid cross-linking agent. Incidental- 

30 (y, the concentration of 100 wt.% means that the un- 
cross-Iinked polymer, which has a temperature equal to 
or higher than Its melting point and is in a liquid fonri, is 
used as is without diluting it with a solvent or the like. 
[0052] In the present Invention, no particular limitation 

35 is imposed on an apparatus which is used to produce 
the liquid uncross-Iinked polymer. As an apparatus for 
producing the liquid uncross-Iinked polymer, It Is possi- 
ble to employ a stirred tank, a kneader, a single-shaft or 
twin-shaft kneader, or the like. 

40 

(1 ) Solution with at least a portion of the uncross-llnked 
polymer dissolved In a solvent 

[0053] A solution with at least a portion of the uncross- 
45 linked polymer dissolved in a solvent can be obtained 
by using a good solvent for the uncross-Iinked polymer 
or a good solvent and poor solvent for the uncross- 
Iinked polymer. The temi "good soh^ent" as used herein 
encompasses in its concept solvents which can sub- 
so stantially completely dissolve the uncross-Iinked poly- 
mer. The term "poor solvent" as used herein, on the oth- 
er hand, embraces in its concept solvents which are un- 
able to dissolve the uncross-Iinked polymer substantial- 
ly completely. 

55 [0054] No particular limitation is Imposed on the sol- 
vent for use In the present invention. When a poor sol- 
vent is used in combination, It Is prefen-ed to choose a 
poor solvent such that a homogeneous phase can be 
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formed with a good solvent. In genera!, it is also pre- 
ferred to use a solvent which can substantially dissolve 
a cross-linking agent to be used. When a cross-linking 
agent of high hydrophilicity Is used, for example, it is 
prefen-ed to employ a solvent of high polarity. When a 
cross-linking agent of high hydrophobicity is used, on 
the other hand, it is preferred to employ a solvent of low 
polarity. 

[0055] As the solvent, it is generally preferred to use 
only a good soh^ent. When a good solvent and a poor 
solvent are used in combination, no particular limitation 
Is Imposed on their mixing ratio, but care must be exer- 
cised to avoid any excessive impalnnent of the homo- 
geneity of the cross-iinking reaction of the uncross- 
linked polymer. In the present invention, a homogene- 
ous solution with the uncross-l inked polymer dissolved 
in a solvent is partlculariy preferred from the standpoint 
of the homogeneity of the cross-linking reaction. 

(2) Dispersion with the uncross-iinked polymer 
dispersed In a solvent 

[0056] When the uncross-iinked polymer is used as a 
dispersion In a solvent, it is preferred to prepare the dis- 
persion in a fomn resembling a homogeneous liquid mix- 
ture as close as. possible. 

[0057] The solvent which is used upon fomiation into 
the dispersion Is a mixed solvent of a good solvent and 
a poor solvent or a poor solvent for the uncross-iinked 
polymer. 

[0058] In a dispersed state, the particle size (average 
parttele diameter) of the uncross-iinked polymer may 
preferably be as small as possible, because a more ho- 
mogeneous cross-linking reaction can be conducted. 
Based on the particle size of the uncross-iinked polymer 
in a dry form, the dispersed particle size may be con- 
trolled preferably to 400 jtm or smaller, more preferably 
200 ^m or smaller, still more preferably 1 00 ^m or small- 
er, particularly preferably 10 ^im or smaller. Insofar as 
the dispersed particles of the uncross-iinked polymer 
are adequately small, non-homogeneity of the cross- 
linking reaction can be reduced, thereby making it pos- 
sible to avoid reductions In yield and performance. 
[0059] Particle size control of the uncross-iinked pol- 
ymer can. be conducted continuously or batchwise by 
using a dry and/or wet grinding machine. When classi- 
fication is needed, continuous or batchwise classifica- 
tion can be conducted using a dry and/or wet classifier. 
Further, an apparatus equipped with a grinding mecha- 
nism and a classifying mechanism in combination may 
also be used. 

[0060] If the particle size of the uncross-iinked poly- 
mer is so small that difficulty arises in operation, granu- 
lation in a self-granulation system and/or a forced gran- 
ulation system may be conducted. 
[0061] As a method for detemiining the particle size 
(average particle diameter) of the uncross-iinked poly- 
mer, there Is, for example, a measuring method which 



makes use of standard sieves. Measurement of a parti- 
cle size distribution and setting of a maximum particle 
diameter can be achieved by conducting dry or wet sift- 
ing while using the standard sieves, for example, togeth- 

5 er with a mechanteal shaking apparatus. 

[0062] As another method for detem^inlng the particle 
size (average particle diameter) of the uncross-iinked 
polymer, there is also a measuring method which relies 
upon a laser diffraction scattering analysis. According 

10 to this method, the uncross-iinked polymer is dispersed 
usually in a poor solvent for the uncross-iinked polymer, 
and a particle size distribution can be measured by the 
laser diffraction scattering analysis. 

^5 (3) Melt of the uncross-iinked polymer, the temperature 
of which is equal to or higher than the melting point of 
the uncross-iinked polymer 

[0063] When the uncross-iinked polymer has a melt- 
^0 ing point, the present invention also pemrilt using a melt, 
which has been obtained by bringing the uncross-iinked 
polymer to temperature condition equal to or higher than 
the melting point, as a liquid uncross-iinked polymer. 

« [Specif te examples of the liquid uncross-iinked polymer] 

[0064] As specific examples of the liquid uncross- 
iinked polymer in the present invention, a description will 
be made about polysuccinimides. 

0 [0065] As the liquid polysuccinimide in the present in- 
vention, it is preferred to prepare a solution with at least 
a portion of the polysuccinimide dissolved in a solvent 
or a dispersion with the polysuccinimide dispersed in a 
solvent. The solvent may be a good solvent and/or a 

5 poor solvent for the polysuccinimide. Specific examples 
of the good solvent can include N,N-dimethylfonnamide 
(DMF), N,N-dlmethylacetamide, N-methylpyrrolidone, 
N,N*-dimethylimidazolidinone, dimethylsulfoxide, and 
sulfolane. Among these, N,N-dlmethyl-fomiamlde and 

? N.N-dlmethylacetamlde are particularly preferred be- 
cause of their high dissolving power for the polysuccin- 
imide. These solvents can be used either singly or In 
combination. Specific examples of the poor solvent, on 
the other hand, can Include water; alcohols such as 

> methanol, ethanol. propanol, isopropanol, butanol, pen- 
tahol. hexanol, heptanol, octanol, 2-methoxyethanol 
and 2-ethoxyethanol; glycols such as ethylene glycol, 
diethylene glycol, triethylene glycol, propylene glycol 
and dipropylene glycol; glycosolves such as methylgly- 

> cosolves and ethylglycosolves; ketones such as ace- 
tone, methyl ethyl ketone and methyl isobutyl ketone; 
cyclic ethers such as tetrahydrofuran and dioxane; and 
petroleum ether pentane, hexane, heptane, octane, cy- 
clohexane, benzene, toluene, ethylbenzene, xylene, 
decalln. diphenyl ether, anisole. cresol. Among these, 
water, methanol, ethanol, propanol. isopropanol and ac- 
etone are partlculariy preferred in that they have rela- 
tively low boiling point and can be recovered with ease. 
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These solvents can be used either singly or in combina- 
tion. These poor solvents can also be used to control 
the progress of the cross-linking reaction (for example, 
to retard the progress of the reaction). 
[0066] Upon preparation of a solution with at least a 
portion of the polysucclnlmide dissolved In a solvent, 
use of such a good solvent alone Is generally prefen*ed. 
When a good solvent and a poor solvent are used In 
combination, no particular limitation is imposed on their 
mixing ratio, but care must be exercised to avoid any 
excessh/e Impairment of the homogeneity of the cross- 
linking reaction of the polysucclnlmide. 
[0087] As a specific standard, the poor solvent Is 
mixed In the good solvent to an extent such that as the 
cross-linked polyaspartic acid resin, the water-absorb- 
ing perfonnance and yield can be set at predetermined 
target values. If the poor solvent is mixed more, the ef- 
fects of the poor solvent are exhibited. The polysuccln- 
lmide is, therefore, brought into a dispersed state, there- 
by making it possible to prevent the cross-linked product 
from turning Into a gel. However, the progress of the 
cross-linking reaction Is generally retarded so that a 
large reactor is required. If the poor solvent Is mixed less 
or no poor solvent is used, the effects of the good solvent 
are exhibited so that a state in which the polysucclnlm- 
ide has sufficient homogeneity can be obtained. In gen- 
eral, use of the poor solvent in a smaller proportion or 
non-use of the poor solvent can reduce energy which is 
required for the recovery of the solvent. 
[0068] The form of the liquid polysuccinimide may 
preferably be a homogeneous solution. In the case of a 
dispersed state, on the other hand, it Is preferred to bring 
it to a state resembling a homogeneous solution as 
close as possible. In a dispersed state, the particle size 
(average particle diameter) of the polysuccinimide may 
preferably be as small as possible, because a more ho- 
mogeneous cross-linking reaction can be conducted. 
Based on the particle size of the polysuccinimide in a 
dry fomi, the dispersed particle size may be controlled 
preferably to 400 [im or smaller, more preferably 200 
^im or smaller, still more preferably 100|im or smaller, 
particularly preferably 10 ^m or smaller. Insofar as the 
dispersed particles of the polysucclnlmide are ade- 
quately small, non-homogeneity of the cross-linking re- 
action can be reduced, thereby making It possible to 
avoid reductions in yield and perfonnance. 
[0069] Particle size control of the polysuccinimide can 
be conducted continuously or batchwise by using a dry 
and/or wet grinding machine. When classiffcation Is 
needed, continuous or batchwise classification can be 
conducted using a dry and/or wet classifier. Further, an 
apparatus equipped with a grinding mechanism and a 
classifying mechanism in combination may also be 
used. 

[0070] If the particle size of the polysuccininnide is so 
small that difficulty arises in operation, granulation In a 
self-granulation system and/or a forced granulation sys- 
tem may be conducted. 



[0071] As a method for detemiining the particle size 
(average partcle diameter) of the polysuccinimide. 
there Is, for example, a measuring method which makes 
use of standard sieves. Measurement of a particle size 
5 distribution can be achieved by conducting dry or wet 
sifting while using the standard sieves, for example, to- 
gether with a mechanical shaking apparatus. As another 
method for detemrilning the particle size (average parti- 
cle diameter) of the polysuccinimide. there Is also a 
10 measuring method which relies upon a laser diffraction 
scattering analysis. According to this method, the poly- 
succlnlmide Is dispersed usually In a poor solvent for the 
polysuccinimide, and a particle size distribution can be 
measured by the laser diffraction scattering analysis. 
15 [0072] No particular limitation is imposed on the con- 
centration of the polysuccinimide in the reaction mixture 
at a time point that the cross-linking reaction begins to 
proceed, but In general, its concentration may range 
preferably from 1 to 80 wt.%, more preferably from 5 to 
20 60 wt.%, still more preferably from 10 to 50 wt.%, par- 
tlcularty preferably from 15 to 40 wt.%. It is preferred to 
use the polysuccinimide by adjusting Its concentration 
within this range in view of the mixing readiness with the 
liquid cross-linking agent. 

25 

[Liquid cross-linking agent] 

[0073] To obtain a good mixed state with the above- 
described liquid uncross-linked polymer, It Is prefen-ed 
30 to use the cross-linking agent in a liquid form in the 
present invention. 

[0074] As the liquid cross-linking agent in the present 
invention, (1) a solution with at least a portion of the 
cross-Unking agent dissolved in a solvent, (2) a disper- 
se slon with the cross-linking agent dispersed In a solvent 
or (3) a melt of the cross-linking agent, the temperature 
of which is equal to or higher than the melting point of 
the cross-linking agent, can be used preferably. 
[0075] Although no partteular limitation Is Imposed on 
40 the concentration of the cross-linking agent In such a 
solution, dispersion or melt, the concentration, In gen- 
eral, may range preferably from 0.1 to 100 wt.%, more 
preferably from 1 to 90 wt.%, more preferably from 10 
to 85 wt.%, particularly preferably from 15 to 80 wt.%. It 
45 is preferred to use the cross-linking agent by adjusting 
its concentration within this range in view of the mixing 
readiness with the liquid cross-linking agent. Incidental- 
ly, the concentration of 1 00 wt.% means that the cross- 
linking agent, which has a temperature equal to or high- 
so er than its melting point and Is In a liquid form, is used 
as is without diluting it with a solvent or the like. 
[0076] In the present invention , no particular limitation 
is imposed on an apparatus which is used to produce 
the liquid cross-linking agent. As an apparatus for pro- 
55 ducing the liquid cross-linking agent, it is possible to em- 
ploy a stin-ed tank, a kneader, a single-shaft or twin-shaft 
kneader, or the like. 
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(1) Solution with at least a portion of the cross-linking 
agent dissolved in a solvent 

[0077] A solution with at least a portion of the cross- 
linking agent dissolved in a solvent can be obtained by 
using a good solvent for the cross-linking agent or a 
good solvent and poor solvent for the cross-linking 
agent. The term "good solvent" as used herein encom- 
passes in its concept solvents whbh can substantially 
completely dissolve the cross-linking agent. The temi 
"poor solvent" as used herein, on the other hand, em- 
braces In Its concept solvents which are unable to dis- 
solve the cross-linking agent substantially completely. 
No particular limitation Is imposed on the solvent to be 
used. In general, the solvent can be the same as the 
solvent employed for the uncross-linked polymer (for ex- 
ample, a polysuccinimide or the like) . It is also possible 
to use at least one solvent selected from the groups of 
soh/ents exemplified above as good solvents and poor 
solvents for the polysuccinimide. It is to be noted that 
the good solvent and/or poor solvent for the uncross- 
linked polymer Is not necessarily limited to the same one 
(s) as the good solvent and/or poor solvent for the cross- 
linking agent. No particular limitation is imposed on the 
solvents to be employed in the present invention. 
[0078] As the solvent, It is generally preferred to use 
only a good solvent. When a good soh^ent and a poor 
solvent are used In combination, it is generally preferred 
to choose the good solvent and the poor solvent such 
that a homogeneous phase can be formed. No particular 
limitation is imposed on their mixing ratio, but care must 
be exercised to avoid any excessive impaimnent of the 
homogeneity of the cross-linking reaction of the un- 
cross-linked polymer. 

[0079] In the present invention, a homogeneous so- 
lution with the cross-linking agent dissolved In a solvent 
is partfeularly prefen-ed from the standpoint of the ho- 
mogeneity of the cross-linking reaction. 

(2) Dispersion with the cross-linking agent dispersed In 
a solvent 



10 [im or smaller. Insofar as the dispersed particles of 
the cross-linking agent are adequately small, non-ho- 
mogeneity of the cross-linking reaction can be reduced, 
thereby making it possible to avoid reductions in yield 

5 and performance. 

[0083] Particle size control of the cross-linking agent 
can be conducted continuously or batchwise by using a 
dry and/or wet grinding machine. When classification Is 
needed, continuous or batchwise classlfkjatlon can be 

10 conducted using a dry and/or wet classifier. Further, an 
apparatus equipped with a grinding mechanism and a 
classifying mechanism in combination may also be 
used. If the particle size of the cross-linking agent is so 
small that difficulty arises in operation, granulation in a 

IS self-granulation system and/or a forced granulation sys- 
tem may be conducted. 

[0084] As a method for detenninlng the particle size 
(average particle diameter) of the cross-Unking agent, 
there is, for example, a measuring method which makes 
20 use of standard sieves. Measurement of a particle size 
distribution can be achieved by conducting dry or wet 
sifting while using the standard sieves, for example, to- 
gether with a mechankjal shaking apparatus. As another 
method for detemnining the particle size (average parti- 
es cle diameter) of the cross-linking agent, there is also a 
measuring method which relies upon a laser diffraction 
scattering analysis. According to this method, the cross- 
linking agent is dispersed usually in a poor solvent for 
the cross-linking agent, and a particle size distribution 
30 can be measured by the laser diffraction scattering anal- 
ysis. 

(3) IVIelt of the cross-linking agent, the temperature of 
which is equal to or higher than the melting point of the 
35 cross-linking agent 

[0085] When the cross-linking agent has a melting 
point, the present Invention also permit using a melt, 
which has been obtained by bringing the cross-linking 
40 agent to temperature condition equal to or higher than 
the melting point, as a liquid cross-linking agent. 



2S 



[0080] When the cross-linking agent Is used as a dis- [Amount of the cross-linking agent to be used] 
persion in a solvent, it is preferred to prepare the dis- 
persion in a fonn resembling a homogeneous liquid mix- 45 [0086] No particular limitation is imposed on the 
ture as close as possible. amount of the cross-linking agent to be used. A amount 
[0081] The solvent which is used upon formation into ofthecross-iinking agent to be used, which con-esponds 
the dispersion is a mixed solvent of a good solvent and to a cross-linking degree capable of exhibiting perform- 
a poor solvent or a poor solvent for the cross-linking ance and properties commensurate with the application 

of the cross-linked polymer (for example, a cross-linked 
[0082] In a dispersed state, the particle size (average polyaspartic acid resin or the like) is chosen as desired, 
particle diameter) of the cross-linking agent may prefer- The tenn "cross- linking degree" as used herein is de- 
ably be as small as possible, because a more homoge- fined to indicate the distance or the number of constitu- 
neous cross-linking reaction can be conducted. Based ent monomer units between adjacent cross-links and 
on the particle size of the cross-linking agent In a dry ss the proportion of cross-linked parts relative to the poly- 
form, the dispersed particle size may be preferably 400 mer backbone. 

tim or smaller, more preferably 200 urn or smaller, par- [0087] In general, the amount of the cross-linking 

ticularly preferably 1 00 ^im or smaller, most preferably agent is set to range preferably from 0.001 to 80 mol.%. 
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more preferably from 0.01 to 30 mol.%, particularly pref- 
erably from 0.1 to 20 mol.% based on the total number 
of monomer units In the uncross-linked polymer (for ex- 
ample, a polysucclnlmlde or the like). Generally speak- 
ing, use of the cross-linking agent in an unduly large 5 
amount leads to an excessively high cross-linking de- 
gree so that, In the case of a cross-linked polymer in- 
tended to exhibit water absorbency like a cross-linked 
polyaspartic acid resin or the like, the water absortency 
is lowered. On the other hand, use of the cross-linking io 
agent in an excessively small amount results In an ex- 
cessively low cross-linking degree so that the resulting 
cross-linked polymer may be water-soluble in an ex- 
treme case. In the case of a polyaspartic acid resin, for 
example, a polymer which does not exhibit water ab- is 
sorbency and is cross-linked only partially is obtained. 

[Catalyst] 

[0088] In the cross-linking reaction, a catalyst may be so 
used as needed. As a catalyst, for example, in the cross- 
linking reaction of the polysucclnlmlde, a basic catalyst 
Is employed in general. 

[0089] Illustrative of the basic catalyst are inorganic 
basic catalysts, for example, metal hydroxides such as 25 
sodium hydroxide, potassium hydroxide and lithium hy- 
droxide, metal carbonates such as sodium carbonate, 
potassium carbonate and lithium carbonate, metal hy- 
drogencarbonates such as sodium hydrogencarbonate 
and potassium hydrogencarbonate, metal acetates 30 
such as sodium acetate and potassium acetate, metal 
salts such as sodium oxalate, and ammonia; and organ- 
ic basic catalysts, for example, amines such as trimeth- 
ylamlne, triethylamine, tripropylamine, tributylamlne, 
tripentylamine, trihexylamine, triethanolamine, tripropa- 3S 
nolamine, tributanolamine, tripentanolamine, trihex- 
anolamlne, dimethylamine, diethylamine, dipro- 
pylamine, dibutylamine, dipentylamine, dihexylamine, 
dicyclohexylamine, dibenzyl-amine, ethylmethylamine, 
methylpropyiamine, butyimethylamine. methyl- 40 
pentylamine, methyl hexy lam Ine, methylamine, ethyl- 
amine, propylamine, butylamine, pentylamine, hexy- 
lamlne, octylamlne, decylamine, dodecylamlne, hexa- 
decyiamlne, pyridine, picollne and quinoline. 

45 

[Cross-linking reactorj 

[0090] The basic concept of the continuous produc- 
tion process and apparatus of the present invention for 
the cross-lined polymer will be described with reference so 
to FIG. 1. According to the present Invention, an un- 
cross-linked polymer, whfeh has been fed In a liquid fomi 
through a feed line (line A), and a cross-linking agent, 
which has been fed in a liquid fomn through another feed 
line (line B), are continuously mixed together at a mixing ss 
junction (M) such that the uncross-linked polymer is al- 
lowed to continuously undergo a cross-linking reaction, 
and the resulting cross-linking reaction product is con- 



tinuously discharged and collected as a cross-linked 
polymer through a discharge line (line C). In FIG. 1 , each 
an^w Indicates in which direction the relevant material 
is flowing. 

[0091] As the mixing junction (M), It is preferred to use 
a cross-linking reactor provided with a "mixing section" 
and a "cross-linking reaction section". At the mixing sec- 
tion, the liquid uncross-linked polymer and the liquid 
cross-linking agent are mixed together. At the cross-link- 
ing reaction section, on the other hand, the resulting 
mixture of the liquid uncross-linked polymer and the 
cross-linking agent are continuously subjected to the 
cross-linking reaction. The mixing section and the cross- 
linking reaction section may be constructed of Inde- 
pendent or discrete equipment or nonindependent or 
non-discrete equipment. In general, however, the cross- 
linking reaction may practically begin as soon as the 
cross-linking agent and the uncross-linked polymer are 
brought into contact with each other, and the cross-link- 
ing reaction should not be restrictively considered as 
taking place only in the cross-linking reaction section. 
[0092] A description will hereinafter be made of de- 
tails of the mixing section and the cross-linking reaction 
section. 

(1 ) Mixing section 

[0093] In the mixing section, the liquid uncross-linked 
polymer and the liquid cross-linking agent are mixed to 
form a substantially homogeneous mixture. 
[0094] As the mixing section, at least one of the fol- 
lowing embodiments (1-1) to (1-4) can be preferably 
used In the present invention. 

(1 -1 ) A mixing section constructed including a struc- 
ture that two or more feed lines, including the two 
lines of the line A and the line B, join. 
(1-2) A mixing section constructed including a part 
having a structure that two or more feed lines, in- 
cluding the two lines of the line A and the line B, 
Join, and another part having a stationary mixer. 
(1-3) A mixing section constructed Including a part 
having a structure that two or more feed lines, in- 
cluding the two lines of the line A and the line B, 
Join, and a mixer having one or more rotary agitating 
shafts. 

(1-4) A mixing section constructed including a part 
having a structure that two or more feed lines, In- 
cluding the two lines of the line A and the line B, join 
In a mixer having one or more rotary agitating 
shafts. 

[0095] One or more mixing sections may be arranged. 
When plural mixing sections are used, they can be used 
in series and/or in parallel. When plural mixing sections 
are used, the uncross-linked polymer and/or the cross- 
linking agent can be additionally fed between the indi- 
vidual mixing sections. 
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[0096] The temperature of the mixing section may 
range from 5 to 300'>C. with 1 0 to 200*C being especiaily 
preferred. If the temperature of the mixing section is too 
high, the cross-linlcing reaction generally proceeds be- 
fore a fully mixed state is obtained. This leads to une- s 
venness in cross-linking degree and hence, to reduction 
(s) in performance and/or yield. In some Instances, mod- 
ifications of the uncross-llnked polymer and/or the 
cross-linking agent may take place. If the temperature 
is too low, on the other hand, the liquid uncross-llnked ro 
polymer and the liquid cross-linking agent generally be- 
come higher In viscosity so that the mixing may take a 
longer time. 

[0097] No particular limitation is imposed on the pres- 
sure of the mixing section. The mixing section can be is 
any one of an elevated pressure system, an environ- 
mental pressure system or a reduced pressure system 
insofar as thorough mixing can be achieved, in general, 
the pressure may be set preferably at 200 MPa or lower, 
more preferably at 50 MPa or lower. As an unduly high 20 
pressure needs high pressure resistance, difficult de- 
signing of equipment and/or costly equipment is re- 
quired in general. 

[0098] The residence time in the mixing section 
should be set at a time sufficient to obtain a fully homo- 25 
geneous mixed state. The residence time in the mixing 
section may range preferably from 0.01 second to 10 
hours, more preferably from 0.05 second to 1 hour, par- 
ticularly preferably from 0.1 second to 30 minutes, most 
preferably from 0.5 second to 1 0 minutes. An unduly 30 
long residence time requires a large mixing section and 
makes the designing of equipment difficult. An exces- 
sively short residence time, on the other hand, may not 
be able to achieve a fully homogeneous mixed state. 
[0099] Upon mixing, various conditions are chosen as 35 
needed to obtain a prefen-ed mixed state. Specific ex- 
amples of conditions include the concentrations and 
flow rates (linear velocities) of the reaction raw materials 
(the uncross-linked polymer and cross-linking agent), 
the temperature and pressure of the mixing section, the 40 
number of mixing, sectlon(s), the residence time in the 
mixing section, and the pipe diameter of the mixing sec- 
tion. Described more specifically, when the liquid un- 
cross-llnked polymer (for example, a polysucclnlmide 
solution or the like) has high viscosity, for example, the 45 
liquid uncross-linked polymer may be heated to lower 
its viscosity. Since the cross-linking reaction may also 
be promoted at the same time in this case, it is neces- 
sary to choose conditions (for example, the residence 
time in the mixing section) such that the cross-linking so 
degree does not become excessively uneven. 
[0100] Even when a cross-linking agent of high reac- 
tivity Is used, a mixed state of high homogeneity can still 
be achieved generally by vigorously mixing the uncross- 
linked polymer and the cross-linking agent together. In S5 
this case, a shorter residence time in the mixing section 
Is generally prefened. 

[0101] No particular limitation is imposed on the sta- 



tionary mixer (for example, Kenfcs mixer, Suizer SMX, 
or Suizer SMV) or the mixer having one or more rotary 
agitating shafts (for example, a horizontal twin-shaft ag- 
itator or a horizontal kneading agitator), which is used 
at the mixing section in the present invention. Equip- 
ment usable in the present invention include those dis- 
closed in "7. Stimng" (pages 421 -454), "6. Heat Transfer 
and Evaporation" (pages 343-420), and "5. Flow" (pag- 
es 283-342) of "KAGAKU KOGAKU BINRAN (Hand- 
book of Chemical Engineering), Revised 6**' Edition" 
(Compiled by: The Society of Chemical Engineers, Ja- 
pan; Published by: IVIARUZEN CO., LTD.; 1999). 

(2) Cross-linking reaction section 

[0102] In the cross-linking reaction section, the sub- 
stantially homogeneous mixture of the liquid uncross- 
linked polymer and the liquid cross-linking agent is sub- 
jected to a cross-linking reaction to produce a cross- 
linked polymer 

[0103] As the cross-linking reaction section, at least 
one of the following embodiments (2-1 ) to (2-3) can be 
preferably used In the present invention. 

(2-1) A cross-linking reaction section constructed 
Including a single-tube tubular reactor or a multiple- 
tube tubular reactor. 

(2-2) A cross-linking reaction section constructed 
including a reactor having one or more rotary agi- 
tating shafts. 

(2-3) A cross-linking reaction section constructed 
including a single-tube or multiple-tube tubular re- 
actor and a reactor having one or more rotary agi- 
tating shafts. 

[0104] The cross-linking reaction section can use a 
single-tube or multiple-tube tubular reactor or a reactor 
having one or more rotary agitating shafts. Use of a mul- 
tiple-tube reactor and/or an adjustment or the like of the 
shape of a die portion may be feasible, for example, to 
reduce a pressure loss in the cross-linking reaction sec- 
tion. 

[0105] The cross-linking reaction section may also 
have a heating function and/or a cooling function. Spe- 
cifically, a reactor equipped with a heat exchanger or the 
like may be used, for example, 
[0106] No particular limitation Is imposed on the vol- 
ume of the reactor in the cross-linking reaction section. 
In general, it is suitably detennined In view of the scale 
of production and various reaction conditions (the reac- 
tion temperature and pressure, the flow rate, the reac- 
tivity of the cross- linking agent, etc.) to give such a vol- 
ume that the cross-linking degree at an outlet of the 
cross-linking reaction section reaches a predetermined 
target value. 

[0107] The temperature of the cross-linking reaction 
section may range preferably from 5 to 300*C, more 
preferably from 15to200*C, partlculariy preferably from 
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20 to 150'C, most preferably from 30 to 120**C. If the 
temperature of the cross-linking reaction section is ex- 
cessively high, there is generally a potential problem in 
that modifications or the like of the cross-llnked polymer 
may occur. If the temperature is excessively low, on the 5 
other hand, the progress of the cross-linking reaction is 
generally retarded so that a large cross-linking reaction 
section is required. No particular limitation is Imposed 
on the pressure of the cross-linking reaction section. It 
can be an environmental pressure system or a reduced io 
pressure system Insofar as the cross-linking reaction 
can be conducted stably. In general, the pressure may 
be set preferably at 200 MPa or lower, more preferably 
at 50 MPa or lower. As an unduly high pressure needs 
high pressure resistance, difficult designing of equip- 15 
ment and/or costly equipment is required in general. 
[01081 The residence time in the cross-linking reac- 
tion section should be set at a time suffk:ient to allow the 
cross-linking reaction to proceed fully. The residence 
timeinthecross-Ilnking reaction section may range gen- 20 
erally from 0.1 second to 10 hours, preferably from 1 
second to 1 hour, more preferably from 10 seconds to 
30 minutes, particularly preferably from 30 seconds to 
15 minutes, most preferably from 1 minute to 10 min- 
utes. An unduly long residence time requires a large 25 
cross-linking reaction section and makes the designing 
of equipment difficult. An excessively short residence 
time, on the other hand, may not be able to allow the 
cross- linking reaction to proceed fully. 
[01 09] No particular limitation is imposed on the tubu- 30 
lar reactor for use in the present invention. The tubular 
reactor may include a stationary mixer (for example, 
Kenics mixer, Sulzer SMX, or Sulzer SMV). 
[0110] Further, no partteular limitation is imposed on 
the mixer having one or more rotary agitating shafts for 35 
use in the present invention (for example, a horizontal 
twin-shaft agitator, a horizontal kneading agitator or a 
twin-shaft kneader). 

[0111] Equipment usable In the present invention in- 
clude those disclosed In "7. Stirring" (pages 421-454), 40 
"6. Heat Transfer and Evaporation" (pages 343-420), 
and "5. Flow" (pages 283-342) of "KAGAKU KOGAKU 
BINRAN (Handbook of Chemical Engineering), Revised 
Edition" (Complied by: The Society of Chemical En- 
gineers, Japan; Published by: MARUZEN CO.. LTD.; 45 
Published in: 1999). 

(3) Material of the cross-linkingYeactor 

[0112] For the cross-linking reactor, it is preferred to so 
use a material on which one or more of the liquid un- 
cross-linked polymer, the liquid cross-linking agent and 
thecross-linked polymer hardly adhere. In particular, the 
cross-linked polymer (for example, the cross-linked 
polysucclnimlde) generally has high viscosity and ad- ss 
herence. It Is, therefore, Important to a material, on 
whteh the cross-linked polymer hardly adhere, at the 
above-described cross-linking reaction section. Use of 



a material on which cross-linked polymer readily ad- 
heres may result in occurrence of an excessive pressure 
loss or blocking In the cross-linking reactor In some In- 
stances, On the other hand, it is prefen^ed for the cross- 
linked reactor to use a material which is resistant to cor- 
rosion, deterioration and the like by the solvent, cross- 
linking agent or the like to be employed. 
[01 1 3J Examples of preferable materials, which meet 
such conditions as described above, can Include met- 
als, resins and rubbers. 

[0114] Especially when the cross-linked polymer has 
high adherence, it is preferred to use, for example, a 
silicone resin such as polytetrafluoroethylene (PTEF), 
fluorinated ethylene-propylene copolymer (FEP), PFA 
resin, polychlorotrlfluoroethylene (PCTFE), ethylene- 
tetra fluoro ethylene-ethylene copolymers (ETFE), poly 
(vinylidene fluoride), or poly (vinyl fluoride); a silicone 
resin such as polysiloxane or silicone rubber; a polyole- 
fin resin such as polyethylene or polypropylene; a poly- 
etherether ketone; methylpentene resin; phenol resin; 
natural mbber; styrene rubber; butyl rubber; ethylene- 
propylene rubber; or the like. Among these, particularly 
preferred are fluorinated resins, such astetrafluorinated 
resin, fluorinated ethylene-propylene copolymer (FEP), 
PFA resin, poiychlorotrifluoroethylene (PCTFE), ethyl- 
ene-tetra fluoro ethylene-ethylene copolymers (ETFE), 
poly(vinylldene fluoride) and poly (vinyl fluoride), andsil- 
icone resins, such as polysiloxane or silicone rubber, for 
their solvent resistance and also for their low adherence 
to the cross-linked polymer. 

[01 1 5] The cross-linking reactor may be constructed 
of at least one material selected from the above-de- 
scribed materials (e.g., metals, resins, and rubbers) . 
Whenever necessary, it is also possible to use a metal 
(e.g., stainless steel or the like) as a principal material 
and additionally to employ the above-described resin 
and/or rubber as a lining on at least a part of an area 
with which the liquid uncross-linked polymer, the liquid 
cross-linking agent or the cross-linked polymer Is 
brought Into contact. 

[Step for increasing the specific surface area of the 
cross-linked polymer] 

[0116] After the cross-linking reaction, a further step 
may be practiced to conduct treatment such that the 
specific surface area of the cross-linked polymer (for ex- 
ample, the cross-linked polysuccinlmlde or the like) Is 
Increased. This step for increasing the specific surface 
area (hereinafter called "the specific surface area In- 
creasing step") Is conducted using equipment having at 
least one of the following functions: (1) a function to di- 
vide the cross-linked polymer into particles, (2) a func- 
tion to divide the cross-linked polymer Into smaller par- 
ticles, (3) a function to subject the cross-linked polymer 
to heat treatment, and (4) a function to treat the cross- 
linked polymer under reduced pressure. 
[0117] Depending on conditions such as the concen- 
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tratlon(s) of the uncross-llnked polymer and/or the 
cross-linked polymer, the used amount of the cross-link- 
ing agent and the concentration of the poor solvent, the 
cross-linked polymer can be obtained In various fomris 
such as an extended gel-like body, a swollen body, noo- 5 
die-like strings, and solid rods in the present invention. 
[01 1 8] When the cross-linked polymer is obtained, for 
example, in the fomi of a gel-like body, the shape of the 
resulting extended gel-like body reflects the configura- 
tions of the cross-linking reaction section (for example. io 
the pipe diameter of a tubular reactor, the shape of a die 
portion of a horizontal twin-shaft kneader). An adjust- 
ment of the shape of the cross-linking reaction section, 
therefore, makes it possible to divide the cross-linked 
polymer into particles and to increase the specific sur- is 
face area. When a tubular reactor is used, for example, 
a smaller pipe diameter is more preferred because the 
specific surface area of the cross-linked polymer be- 
comes greater as the pipe diameter becomes smaller. 
In general, however, it Is preferred to determine the pipe 20 
diameter by taking various conditions, such as produc- 
tion scale and the number of pipes in a multiple-pipe 
reactor, into consideration such that the pressure loss 
in the tubular reactor does not become too large. Like- 
wise, it is also preferred to adjust the shape or the like 25 
of the die portion. 

[01 19] Further, the divided cross-linked polymer can 
be fomied Into a granular to fine particulate gel by using 
equipment provided with a function to mechanically di- 
vide the cross-linked polymer into particles, such as a 30 
chopping machine or a pelletizer. As an alternative, a 
crushing granulator, a compression granulator, an ex- 
trusion granulator or the like can also be used. When 
dividing the cross-linked polymer into particles, the divi- 
sion is controlled specifically such that the maximum 35 
partfcle diameter falls within a range of from 1 ^m to 1 0 
mm, more preferably from 10 pjn to 1 mm, particulariy 
preferably from 100 pjn to 700 [im. Using equipment 
provided with a mechanically dividing function, the di- 
vided cross-linked polymer is obtained with a preferred 40 
maximum particle diameter selected depending on the 
application from the above-described range. Incidental- 
ly, the maximum particle diameter can be detemnlned by 
a similar method as that described above In connection 
with the above-described maximum particle diameter of 45 
the uncross-llnked polymer. When the cross-linked pol- 
ymer is swollen with the cross-linking reaction solvent 
(the solvent used upon preparation of the liquid uncross- 
linked polymer and/or the liquid cross-linking agent), the 
cross-linked polymer can be caused to shrink into small- 50 
er particles by introducing the cross-linked polymer into 
a solvent which is a poor solvent for the cross-linked 
polymer but is a good solvent for the cross-linking reac- 
tion solvent. 

[01 20J By conducting agitation or the like and applying 55 
shearforce at this stage, the division of the cross-linked 
polymer Into smaller particles can be promoted. When 
this division Into smaller particles is conducted in a sol- 



vent, heat treatment may be applied In combination. An 
unduly low heat treatment temperature may. however, 
require a long time until the cross-linked polymer is di- 
vided into smaller particles. An excessively high heat 
treatment temperature, on other hand, may result in 
modifications of the cross-linked polymer. Especially 
when the heat treatment Is conducted concurrently with 
the division into smaller particles, the heat treatment 
temperature may range preferably from 30 to 300*»C, 
more preferably from 60 to 200*C, especially preferably 
from 80to 150**C. When the cross-linked polysuccinim- 
ide Is in the fomri of a gel swollen with DMF employed 
as a cross-linking reaction solvent, the cross-linked 
polysuGcinimlde can be divided into smaller particles by 
introducing it into a solvent - which Is a poor solvent for 
the cross-linked polysuccinimide but is a good solvent 
for DMF - e.g., an alcohol such as methanol, a ketone 
such as acetone, or water and applying shear force 
while conducting heat treatment within the above-de- 
scribed temperature range. 

[0121] When a cross-linking reaction solvent is used, 
the specific surface area of the cross-linked polymer can 
be efficiently Increased by conducting heat treatment 
and/or depressurization treatment to have the solvent, 
which Is contained in the cross-linked polymer, evapo- 
rated such that the cross-linked polymer Is brought Into 
an expanded form with the thus-evaporated solvent. 
[0122] The heat treatment is conducted preferably at 
30 to 300*»C, more preferably at 60 to 200*C, especially 
preferably at 80 to ISO'^C. An unduly high heat treatment 
temperature may cause modifications of the cross- 
linked polymer. An excessively low heat treatment tem- 
perature, on the other hand, may not be able to bring 
about the effect of the heat treatment. 
[01 23] On the other hand, the depressurization treat- 
ment is conducted preferably at 0.00001 to 0.1 MPa, 
more preferably at 0.0001 to 0.07 MPa, particularly pref- 
erably at 0.001 to 0.05 MPa. An unduly low depressuri- 
zation treatment pressure generally leads to difficulty in 
designing equipment commensurate with the high vac- 
uum level. An excessively high depressurization treat- 
ment pressure, on the other handi may not be able to 
bring about the effect of the depressurization treatment. 
[0124] The cross-linked polymer, for example, the 
cross-linked polysuccinimide, the specific surface area 
of which has been increased by a method as described 
above, can bring about an advantageous effect in that 
in the subsequent hydrolyzing step, the time of the hy- 
drolysis reaction can be shortened. 
[0125] No particular limitation is imposed on the 
equipment for use in the specific surface area increasing 
step in the present invention. Equipment usable in the 
specific surface area Increasing step include those dis- 
closed in "7. Stin-ing" (pages 421 -454), "6. Heat Transfer 
and Evaporation" (pages 343-420), "5. Flow" (pages 
283-342), and "16. Handling of Powdeiy or Granular 
Materials" of "KAGAKU KOGAKU BINRAN (Handbook 
of Chemical Engineering), Revised 6* Edition" (Com- 
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piled by: The Society of Chemical Engineers, Japan; 
Published by: MARU2EN CO.. LTD.; Published in: 
1999). 

[Isolation step of the cross-linked polymer] 

[01261 In the present Invention, the cross-linked pol- 
ymer may be isolated by removing the cross-linking re- 
action solvent and salts (for example, sodium chloride, 
sodium phosphate and/or the like) subsequent to the 
cross-linking reaction. It is, however, to be noted that 
the salts are not necessarily removed together with the 
cross-linking reaction solvent. 

[0127] For example, subsequent to the production of 
the cross-linked polysuccinimide, the cross-linking re- 
action solvent may be removed to isolate the cross- 
linked polysuccinimide, followed by a hydrolyzlng pro- 
cedure. Compared with practice of the hydrolyzing pro- 
cedure without removal of the cross-linking reaction sol- 
vent, these procedures may make it possible to signifi- 
cantly reduce, for example, loads (e.g., energy required 
for distillation, a supplementary material needed for de- 
salting, and the like) of a purification procedure and the 
like required for the reuse of the cross-linking reaction 
solvent. In some instances, these procedures may also 
be able to protectthe cross-linking reaction solvent from 
decomposition which would othenvlse take place unless 
the cross-linking reaction solvent were removed before 
the hydrolysis. 

[0128] In the present invention, it is preferred to iso- 
late the cross-linking polymer by conducting the removal 
of the cross-linking reaction solvent such that the con- 
centration of the cross-linking reaction solvent still re- 
maining in the cross-linked polymer Is lowered generally 
to 50 wt.% or less, preferably to 20 wt.% or less, more 
preferably to 10 wt.% or less, particularly preferably to 
1 wt.% or less, most preferably to 0.5 wt.% or less. An 
unduly high concentration of the solvent remaining In the 
cross-linked polymer provide the cross-linked polymer 
with adherence, so that special facilities (for example, 
facilities for transportation, storage and the like) may be 
used or the above-described loads for the reuse of the 
cross-linking reaction solvent may become excessive. 
[0129] The isolation step of the cross-linked polymer 
in the present invention preferably comprises at least 
one step selected from the following steps: (1) an ex- 
traction step, (2) a solid-liquid separation step, and (3) 
a drying step. When a plurality of steps out of these 
steps (1) to (3) are practiced, no limitation is imposed 
on their order. Further, one of the steps can be repeated 
a plurality of times. In addition, the isolation step can be 
practiced in combination with the above-described spe- 
cific surface Increasing step. 

(1 ) Extraction step 

[0130] In the present Invention, It is preferred to con- 
duct the extraction step by using a solvent which is a 



poor solvent for the cross-linked polymer but is a good 
solvent to the cross-linking reaction solvent. When the 
cross-linked polymer is a cross-linked polysuccinimide 
produced using DMF, it is particularly preferred to 
5 choose one or more solvents from the above-described 
group of poor solvents for polysucclnlmides (for exam- 
ple, water, methanol, ethanol, propanol, isopropanol. 
acetone, etc.). These solvents may be used either singly 
or in combination. The solvent may contain a salt (for 
10 example, sodium chloride, sodium phosphate or the 
like). 

[0131] Examples of equipment for use in the extrac- 
tion procedure can include a stirred tank, a fixed bed 
extractor, a moving bed extractor, and a Rotocei extrac- 
ts tor. Equipment and methods usable for the extraction in 
the present invention include those disclosed In "1 2. Ex- 
traction and Liquid-Liquid Reaction", "7. Stimng" (pages 
421-464), and "6. Heat Transfer and Evaporation" (pag- 
es 343-420) of "KAGAKU KOGAKU BINRAN (Hand- 
le book of Chemical Engineering), Revised 6*^ Edition" 
(Compiled by: The Society of Chemical Engineers, Ja- 
pan; Published by: i\/IARU2EN CO., LTD.; Published in: 
1999). 

[0132] The extraction procedure is conducted as el- 
25 ther single-stage extraction or multi-stage extraction. In 
multi-stage extraction, the extraction solvent is used in 
either a counter current manner or a cocun-ent manner. 
Counter current extraction is particularly preferred as it 
makes It possible to reduce the amount of the extraction 
30 solvent to be used. In a multi-stage extraction proce- 
dure, the extraction solvent with the cross-linking reac- 
tion solvent contained therein may be used in at least 
some of the stages. 

[0133] The used amount of the extraction solvent gov- 

35 ems the residual concentrations of the cross-linking re- 
action solvent and the above-described salt after the ex- 
traction procedure. In general, the amount of the extrac- 
tion solvent to be used may range preferably from 0.1 
to 100 parts by weight, more preferably from 0.3 to 60 

40 parts by weight, particularly* preferably from 0.5 to 40 
parts by weight, most preferably from 1 to 20 parts by 
weight, all perpartby weight of the cross-linked polymer 
Use of the extraction solvent in an excessively large 
amount leads to a low residual concentration of the 

45 cross-linking reaction solvent in the extracts so that up- 
on separation of the cross-linking reaction solvent and 
the extraction solvent from each other after the extrac- 
tion, the efficiency Is lowered. Use of the extraction sol- 
vent In an unduly small amount, on the other hand, leads 

50 to an increase in the concentration of the cross-linking 
reaction solvent in the extract, so that the concentration 
of the cross-linking reaction solvent remaining In the 
cross-linked polymer increases. To reduce the amount 
of the extraction solvent to be used and also to conduct 

55 the extraction procedure with good efficiency, multi- 
stage counter current extraction Is preferred. 
[0134] When conducting multi-stage extraction, it Is 
preferred to conduct the extraction in each stage after 



15 



29 



EP1 146 067A1 



30 



separating the cross-linked polynner and the extract 
from each other to possible maximunn extent subse- 
quent to completion of the extraction in the preceding 
stage. Described specifically, the separation is conduct- 
ed until the amount of the extract contained per 1 00 5 
parts by weight of the cross-linked polymer is reduce 
generally to 100 parts by weight or less, preferably to 
50 parts by weight or less, particularly preferably to 10 
parts by weight or less, most preferably to 5 parts by 
weight or less. io 
[0135] The separation between the extract and the 
cross-linked polymer can be conducted specif fcally in a 
step making use of a filter, a centrif ugator, sedimentation 
equipment or flotation equipment or a combination 
thereof. Incidentally, subsequent to the separation of the 15 
cross-linked polymer and the extract from each other, 
the extract still contained In the cross-linked polymer 
may be subjected to displacement washing by using the 
same or different extraction solvent. The amount of the 
extraction solvent to be used in each displacement 20 
washing procedure may range preferably from 0.01 to 
50 parts by weight, more preferably from 0.05 to 1 0 parts 
by weight, particularly preferably from 0.1 to 5 parts by 
weight, all per part by weight of the cross-linked polymer. 
[01 36] In the present Invention, the temperature of the 25 
extraction procedure may preferably be from 5 to 300*C. 
If this temperature is lower than 5*C, the residual con- 
centration of the cross^iinking reaction solvent in the 
cross-linked polymer becomes higher. If the tempera- 
ture exceeds 300'C, the cross-linked polymer is modi- 30 
fled at certain parts thereof and is lowered in molecular 
weight, and in some instances, Is colored, leading to a 
reduction In quality. The extraction temperature may 
range preferably from 1 0 to 200*C, mo re preferably from 
1 5 to 1 SO'^C, particularly preferably from 20 to 1 00*C. 35 
[01 37] No particular limitation Is imposed on the pres- 
sure In this step. It is preferred to detemnine the pressure 
in view of physical properties of the extraction solvent 
to be employed. If the temperature at which the extrac- 
tion procedure is conducted is lower than the critical 40 
temperature of the extraction solvent, the extraction 
pressure may generally be set at such a level that a liq- 
uid phase exists at least locally. If the extraction is con- 
ducted, for example, under an atmosphere of an inert 
gas such as nitrogen, carbon dioxide or aiigon, it is pre- 45 
ferred to pressurize with the gas to a level equal to or 
higher than the saturated vapor pressure of the extrac- 
tion solvent at the extraction temperature. If the temper- 
ature at which the extraction procedure is conducted is 
higher than the critical temperature of the extraction sol- so 
vent, the extraction pressure may generally be set at 
such a level that at least a portion of the cross-linking 
reaction solvent is dissolved In the extraction solvent. 
[0138] When multi-stage extraction is conducted, the 
temperatures and/or pressures in the respective stages ss 
can be set at different values within the above-described 
ranges, respectively. 

[0139] The time which is required for the extraction 



procedure in the present invention may range generally 
from 0.5 second to 12 hours, preferably from 1 second 
to 5 hours, more preferably from 3 seconds to 3 hours, 
particularly preferably from 5 seconds to 2 hours, most 
preferably from 1 0 seconds to 60 minutes. The term "ex- 
traction time" as used herein means a time during which 
the polymer and the extraction solvent and/or the extract 
remain in contact with each other at the temperature at 
which the extraction is being conducted. If a long time 
is neededforthe extraction, large equipment Is required, 
thereby making the designing of the equipment difficult. 
If the extraction time is too short, on the other hand, 
there is a potential problem In that the separation of the 
cross-llnkingsolvent and salt may not be conducted ful- 
ly. 

(2) Solid-liquid separation step 

[0140] As a separating procedure in the solid-liquid 
separation step in the present invention, a method sim- 
ilar to the above-described separating procedure con- 
ducted between the respective stages in the multi-stage 
extraction can be mentioned. Described specifically, a 
continuous and/or batchwise separation procedure can 
be conducted in a step making use of a filter, a centrif- 
ugator, sedimentation equipment or flotation equipment 
or a combination thereof. 

(3) Drying step 

[0141] In the drying step, the cross-linked polymer 
substantially free of solvent can be produced by driving 
off the cross-linking reaction solvent and/or the extrac- 
tion solvent contained in the cross-linked polymer. This 
drying procedure can be effected under at least one 
pressure condition out of a vacuum system, an environ- 
mental pressure system and an elevated pressure sys- 
tem. 

[0142] Described specifically, a continuous or batch- 
wise drying procedure can be conducted, for example, 
by using at least one equipment selected from the group 
consisting of a hot-air material-moving dryer, a material- 
mixing dryer (fluidlzed bed dryer or the like), a material- 
moving and material-fixed dryer, a cylindrical dryer, an 
infrared dryer, a microwave dryer and a superheated 
steam dryer. Equipment and methods usable forthe dry- 
ing step in the present invention Include those disclosed 
in "14. Moisture Control, Water Cooling and Drying" 
(pages 735-788), V. Stirring" (pages 421-454), and "6. 
Heat Transfer and Evaporation" (pages 343-420) of 
"KAGAKU KOGAKU BIN RAN (Handbook of Chemical 
Engineering), Revised 6*^ Edition" (Complied by: The 
Society of Chemical Engineers, Japan; Published by: 
MARUZEN CO., LTD.; Published in: 1999). To avoid 
coloration or modification of the cross-linked polymer, 
the drying procedure may preferably be conducted gen- 
erally under conditions of a lowered oxygen concentra- 
tion In the system or under conditions of 0% oxygen con- 
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centration, that Is, may preferably be conducted In the 
above-described inert gas. 

[01 43] It is preferred to conduct the drying procedure 
such that during the drying, the temperature of the 
cross-linked polymer remains within a range of from 5 
to 300*C. If the temperature is lower than 5^*0, a longer 
time Is generally required for the drying of the cross- 
linked polymer. If the temperature is higher than 300'C, 
on the other hand, the cross-linked polymer are on the 
other hand, the cross-linked polymer, due to Inclusion 
of the cross-linking reaction solvent and/or the extrac- 
tion solvent, is modified at certain parts thereof and is 
lowered in molecular weight, and in some instances, is 
colored, leading to a reduction in quality. The tempera- 
ture of the cross-linked polymer during the drying may 
range preferably from 20 to 200*C, more preferably from 
40 to 150**C, particularly preferably from 50 to 120*C. 
[01 44] The drying procedure can be conducted In any 
of a vacuum system, an environmental pressure system 
and an elevated pressure system. The drying may be 
conducted under a pressure preferably of from 
0.000001 to 5 MPa, more preferably of from 0.0001 to 
1 MPa. An unduly low pressure generally makes it diffi- 
cult to design equipment commensurate with the high 
vacuum. An excessively high pressure, on the other 
hand, may result In insufftelent separation of the cross- 
linking reaction solvent in some instances. The time re- 
quired for the drying procedure in the present invention 
ranges generally from 1 second to 20 hours, preferably 
from 30 seconds to 5 hours, more preferably from 1 
minute to 3 hours, and particularly preferably from 5 min- 
utes to 2 hours. Need for a long time for drying generally 
requires large equipment and results in diffteult equip- 
ment designing. An unduly short drying time, on the oth- 
er hand, generally invoh/es a potential problem in that 
the separation of the cross-linking reaction solvent and/ 
or the extraction solvent in this step may not be fully ef- 
fected. 

[Hydrolysis of the Imlde rings of the cross-linked 
polysuccinimide] 

[0145] In this Invention, a hydrolyzing procedure may 
be applied to the cross-linked polysuccinimide. By this 
procedure, the imide ring portions can be opened to ob- 
tain aspartic acid structures. Here, the cross-linked poly- 
succinimide may be either in a solvent-removed forni or 
in a solvent-containing fomi as described above. 
[01 46] The hydrolyzing procedure is conducted under 
basic conditions by suspending the cross-linked poly- 
succinimide in a solvent. The pH is adjusted relying up- 
on the concentration of an aqueous alkaline solution, 
and may range preferably from pH 7.5 to 13, more pref- 
erably from pH 9 to 1 2. An excessively high pH generally 
causes hydrolysis of amide bonds, and results in a resin 
lowered In water absorbency and yield. An unduly low 
pH. on the other hand, generally leads to a slower hy- 
drolysis reaction, and Is not practteal. 



[0147] No particular limitation is imposed on the aque- 
ous alkaline solution for use in the hydrolyzing proce- 
dure. Specific examples can include aqueous solutions 
of metal hydroxides such as sodium hydroxide, potas- 
5 slum hydroxide and lithium hydroxide; aqueous solu- 
tions of metal carbonates such as sodium carbonate, 
potassium carbonate and lithium carbonate; aqueous 
solutions of metal hydrogencarbonates such as sodium 
hydrogencarbonate and potassium hydrogencar- 
10 bonate; aqueous solutions of metal acetates such as so- 
dium acetate and potassium acetate; aqueous solutions 
of metal salts such as sodium oxalate; and aqueous am- 
monia. Among these, aqueous solutions of sodium hy- 
droxide and potassium hydroxide are preferred for their 
IS low prices. 

[0148] The hydrolyzing procedure can be conducted 
preferably at 5 to lOO^C, with 10 to 60**C being particu- 
larly preferred. An excessively high temperature gener- 
ally causes hydrolysis of amide bonds, resulting in a res- 
20 in lowered in water absorbency and yield. An unduly low 
temperature, on the other hand, generally leads to a 
slower hydrolysis reaction, and Is not practical. 
[0149] The hydrolyzing procedure can be conducted 
either in an environmental pressure system or In a re- 
25 duced pressure system Insofar as the pressure is at 
such a level that a liquid phase exists at least locally. It 
is only required to stably conduct the hydrolyzing pro- 
cedure. In general, the pressure may be controlled pref- 
erably at 30 MPa or lower, with 5 MPa or lower being 
30 particularly preferred. 

[0150] In general, the hydrolyzing procedure is con- 
ducted preferably for 1 minute to 30 hours, more pref- 
erably for 5 minutes to 1 5 hours, particularly preferably 
for 1 0 minutes to 1 0 hours, most preferably for 30 min- 
35 utes to 5 hours, although the time during which the hy- 
drolyzing procedure is conducted varies depending on 
the reaction conditions. An excessively short reaction 
time generally results in insufftelent hydrolysis of the Im- 
ide rings and hence in a reduction In water absorbency. 
40 An unduly long reaction time, on the other hand, gener- 
ally allows hydrolysis of amide bond portions to proceed 
and thus leads to a resin lowered in water absorbency 
and yield. 

[01 51 ] The solvent in the hydrolyzing procedure is ei- 
45 ther water alone or a mixed solvent of water and a poor 
solvent and/or a salt. To heighten the volumetric efficien- 
cy, it is prefen-ed to use the solvent in an amount as 
much as 0.5 to 50 times by weight, especially 1 to 10 
times by weight the superabsorbent resin to be formed. 
50 [0152] No particular limitation is imposed on the poor 
solvent to be used. Illustrative are alcohols such as 
methanol, ethanol, propanol, isopropanol, butanol, 
2-methoxyethanoi and2-ethoxyethanol; glycols such as 
ethylene glycol, diethyiene glycol, triethylene glycol. 
55 propylene glycol and dipropylene glycol; ketones such 
as acetone, methyl ethyl ketone and methyl Isobutyl ke- 
tone; cyclic ethers such as tetrahydrofuran and dioxane; 
N.N-dlmethylfomriamide, N,N-dlmethyl acetamide, N- 
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methylpyrrolidone. N,N'-dimethyIimidazoIidinone, 
dimethylsutf oxide and sulfolane. Among these, metha- 
nol, ethanol, propanol and isopropanol are preferred In 
that, upon drying the hydrolyzed product as a superab- 
sorbent polymer, they pemnit particularly easy drying 
and they do not tend to remain In the absorbent resin 
after the drying. 

[0153] No particular limitation is Imposed on the salt 
to be used. Illustrative are metal salts, organic base salts 
and oxides of hydrochloric acid, sulfuric acid, nitric acid, 
phosphoric acid, carbonic acid, organic sulfonic acids 
and organic carboxyiic acids. Examples of metals In the 
metal salts can Include lithium, sodium, potassium, alu- 
minum and potassium. Incidentally, the salt may be a 
salt fomned by neutralization of an acid component in 
the system in the course of the hydrolyztng procedure. 
[0154] The concentration of water In the solvent as 
determined based on the two components of water and 
the poor solvent without taldng into consideration the 
salt in the solvent may preferably range from 5 to 1 00 
wt.%, with a range of from 20 to 80 wt.% being more 
prefen'ed and a range of from 40 to 60 wt.% being par- 
ticularly preferred. An excessively low water concentra- 
tion may generally result in a slow progress of the hy- 
drolysis and In some Instances, may lead to occurrence 
of polymer flocculation in the system so that agitation 
may be rendered difficult. An excessively high water 
concentration, on the other hand, may generally lead to 
formation of a gel-like mixture in the system so that ag- 
itation may be hampered. 

[0155] The concentration of the salt in the solvent, 
which is composed of water and the salt or is composed 
of water, the poor solvent and the salt, may preferably 
be 20 wt.% or lower, with 1 0 wt.% or lower being more 
preferred. In general, an unduly low concentration of the 
sait may not allow the salt to exhibit its effects sufficient- 
ly, whereas an excessively high concentration of the salt 
may cause the salt to remain In the product 

[Post-treatment of the cross-linlced polyaspartic acid 
polymer] 

[0156] No particular limitation Is Imposed on the post- 
treatment of the cross-linked polyaspartic acid resin 
formed as a result of the alkaline hydrolytic reaction of 
the imide rings of the cross-linked polysuccinimide. For 
example, procedures such as neutralization, salt inter- 
change, drying, purification, granulation and surface 
cross- linking treatment may be conducted as needed. 
A description will hereinafter be made especially about 
neutralization treatment and drying. 

(i) Neutralization treatment of cross-linked polyaspartic 
acid resin 

[0157] Neutralization treatment of the cross-linked 
polyaspartic acid resin can be conducted as needed. 
The neutralization treatment can be effected by adding 



an acid, a base or the like such that the reaction mixture, 
which has been obtained after the hydrolysis reaction 
and contains the cross-linked polyaspartic acid resin, 
has a desired pH (for example, pH 7). By this neutrali- 

5 zatlon treatment, the percentage (neutralization degree) 
of cartDoxyl groups, which are contained In the form of 
salts in the molecule of the cross-linked polyaspartic ac- 
id resin, based on all the carboxyl groups In the same 
molecule can be adjusted. No particular limitation is im- 

10 posed on this neutralization degree. In general, howev- 
er, the carijoxyl groups in the fomi of salts may account 
preferably for 0 to 95 mol.%, more preferably for 30 to 
80 mol.%, both based on the total number of all aspartlc 
acid residual groups. 

^5 [01 58] No particular limitation is imposed on the man- 
ner of the neutralization treatment. It is, however, the 
common practice to adjust the pH by adding an acid and/ 
or a base subsequent to the hydrolysis reaction. Specific 
examples of usable acids can include hydrochloric acid, 
20 hydrobromic acid, hydroiodic acid, sulfuric acid, sulfur- 
ous acid, nitric acid, nitrous acid, cartDonic acid, phos- 
phorb acid, formic acid, acetic acid, propionic acid, oxal- 
ic acid, benzoic acid, methanesulfonic acid, trifiuor- 
omethanesulfonic acid, benzenesulfonic acid, toiue- 
25 nesulfonic acid, and benzenephosphonic acid. On the 
other hand, specific examples of usable bases can in- 
clude the above-described aqueous alkaline solutions. 

(li) Drying of cross-linked polyaspartic acid resin 

30 

[0159] No particular limitation is imposed on the dry- 
ing method of the cross-linked resin. Drying is conduct- 
ed batchwise or continuously under environmental pres- 
sure or reduced pressure. Described specifically, the 
35 drying procedure can be conducted using at least one 
apparatus selected from the group consisting of mate- 
rial-fixed dryers, material-moving dryers, material-mix- 
ing dryers, hot-air material-moving dryers, cylindrical 
dryers, infrared dryers, and high-frequency dryers. 
40 Equipment and methods usable for the drying step in 
the present Invention Include those disclosed in "14. 
Moisture Control, Water Cooling and Drying" (pages 
735-788), "7. Stirring" (pages 421-454), and "6. Heat 
Transfer and Evaporation" (pages 343-420) of "KA- 
45 GAKU KOGAKU BINRAN (Handbook of Chemical En- 
gineering), Revised 6*^ Edition" (Compiled by: The So- 
ciety of Chemical Engineers, Japan; Published by: 
MARUZEN CO., LTD.; Published in: 1999). In general, 
the temperature of the material during the drying proce- 
ss dure may range preferably from 20 to 200^C, with 50 to 
120*C being more preferred. An excessively high tem- 
perature generally causes a reduction in cross-linking 
degree, leading to a reduction in water absorbency. An 
excessively low temperature, on the other hand, re- 
55 quires a long time for drying, leading to a need for large 
equipment. 

[0160] Theamount of thesolvent(includlng water) still 
contained In the superabsorbent resin after the drying 
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procedure is adjusted as needed depending on the ap- 
plication. The content of the solvent may be adjusted 
generaliy to 50 parts by weight or lower, preferably to 
20 parts by weight or lower, more preferably to 1 0 parts 
by weight or lower, particularly preferably to 7 parts by 5 
weight or tawer, most preferably to 5 part by weight or 
lower, all per 1 00 parts by weight of the superabsorbent 
resin. 

[0161] To the superabsorbent resin subjected to the 
drying, granulation treatment, surface cross-linking io 
treatment and/or the lilce may be applied further as 
needed. 

[Shape of the cross-liniced polyaspartic acid resin] 

15 

[0162] The superabsorbent resin can be used in a 
preferred shape selected depending on the application, 
such as irregular shapes, spheres, grains, granules, 
granulated particles, flakes, lumps, pearls, fine powder, 
fibers, rods, films and sheets. It can also be in the fomi 20 
of a fibrous base material, a porous body, an expanded 
body or a granulated material. 

[0163] No particular limitation Is imposed on the par- 
ticle size (average particle diameter) of the superab- 
sorbent resin, although it may be prefen-ed to adjust the 25 
particle size depending on the application. In the case 
of disposable diapers, for example, an average particle 
size of from 50 to 1 ,000 jim Is generally prefenred, with 
a range of from 100 to 600 \im being more prefen-ed, 
because a high water absorption speed and avoidance 30 
of gel blocking are desired. When employed in a fomri 
incorporated in another resin by kneading or the like, a 
range of from 1 to 1 0 jim is generally preferred. When 
employed as a water-holding material for agricultural 
and horticultural applications or a like material, a range 35 
of from 100 ^un to 5 mm is generally preferred in view 
of Its dlsperslbllity In soil. 

[Form of use of the cross-linked polyaspartic acid resIn] 

40 

[01 64] No particular limitation is Imposed on the fomi 
of use of the cross-linked polyaspartic acid resin. It can 
be used either singly or in combination with another ma- 
terial. 

[0165] When employed in combination with another 45 
resin, for example, the cross-linked polyaspartic acid 
resin can be used inter alia by kneading Incorporating 
the cross-linked polyaspartic acid resin in a thermoplas- 
tic resin and forming the resultant melt by injection mold- 
ing, by mixing constituent monomers of another resin, so 
an acidic polyamino acid resin and optionally, an initiator 
and then conducting polymerization under light, heat or 
the like, by dispersing the cross-linked polyaspartic acid 
resin and another resin in a solvent, casting the disper- 
sion and then removing the solvent, by mixing the cross- ss 
linked polyaspartic acid resin with a prepolymer or an- 
other resin and then conducting cross-linking, or by mix- 
ing the cross-linked polyaspartic acid resin with another 



resin and then conducting cross-linking. 
[0166] No particular limitation is Imposed on the mold- 
ed or otherwise fomied product of the cross-linked pol- 
yaspartic acid resin. It can be used in the fomi of solid 
matters, sheets, films, fibers, nonwoven fabrics, ex- 
panded bodies, rubber and the like. Further, no particu- 
lar limitation is imposed on their molding or forming 
methods. 

[01 67] The cross-linked polyaspartic acid resin can be 
used either singly or in the fomi of a composite material 
combined with another material. Although no particular 
limitation Is imposed on the structure of the composite 
material, it can be formed into a sandwich stnjcture by 
holding it between pulp layers, nonwoven fabrics or the 
like; it can be formed into a multilayer structure by using 
a resin sheet or film as a base material; or it can be 
formed into a double-layer structure by casting It on a 
resin sheet. For example, forming of the cross-linked 
polyaspartic acid resin into a sheet-like shape can pro- 
vide a superabsorbent sheet whk:h may be a superab- 
sort)ent film. 

[01 68] Further, the cross-linked polyaspartic acid res- 
in can also be blended with one or more other cross- 
linked resins as needed. It Is also possible to add, as 
needed, Inorganic compounds such as salt, colloidal sil- 
ica, white carbon, ultrafine silica and titanium oxide pow- 
der; and organic compounds such as chelating agents. 
Moreover, it Is also possible to mix oxidizing agents, 
antioxidants, reducing agents, ultraviolet absorbers, an- 
tibacterial agents, fungicides, mildewproofing agents, 
fertilizers, perfumes, deodorants, pigments and the like. 
[01 69] The cross-linked polyaspartic acid resin can al- 
so be used in the fomn of a gel or solid matter. It is used 
in a gel form, for example, when employed in water- 
holding materials for agricultural and hortk^ultural appli- 
cations, life extenders for cut flowers, gel-type aromat- 
ics, gel-type deodorants and the like; and it is used in a 
solid fomi when employed as an absorbent for dispos- 
able diapers. 

[Applications of the cross-linked polyaspartic acid resin] 

[0170] No particular limitation is imposed on the ap- 
plications of the cross-linked polyaspartic acid resin. It 
can be used in any application fields where conventional 
superabsort)ent resins are usable. 
[0171] Illustrative specific applications can Include 
sanitary products such as disposable diapers, sanitary 
supplies, breast milk pads, and disposable dustcloths; 
medical supplies such as wound-protecting dressing 
materials, medical underpads, and cataplasms; daily 
necessaries such as pet sheets, portable toilets, gel- 
type aromatics, gel-type deodorants, sweat absorbing 
fibers, and disposable pocket heaters; toiletry products 
such as shampoos, hair-setting gels, and humectants; 
agricultural and horticultural products such as agricul- 
tural and horticultural water-holding materials, life ex- 
tenders for cut flowers, floral foams (fixing bases for cut 
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flowers), seedling nursery beds, solution culture vege- 
tation sheets, seed tapes, fluldized seedling media, and 
dew-preventing agricultural sheets; food packaging ma- 
terials such as freshness-retaining materials for food 
trays, and drip absoribent sheets; materials for use dur- 
ing transportation, such as cold Insulators, and water 
absorbent sheets for use during the transportation of 
fresh vegetables; construction and civil engineering ma- 
terials such as dew-preventing construction materials, 
sealing materials for civil engineering and construction, 
lost circulation preventives for shield tunneling , concrete 
admixtures, gaskets and packings; materials for electric 
and electronic equipment, such'as sealing materials for 
electronic equipment and fiber optics, wateriDlockIng 
materials for communication cables, and Inkjet record- 
ing papers; water treatment materials, such as sludge 
solidifiers, and dehydrating or water-eliminating agents 
for gasoline and oils; textile-printing sizing materials; 
water-swelling toys; artificial snow; sustained-release 
fertilizers; sustained-release agrichemlcals; sustaine- 
drelease drugs; humidity regulating materials; and anti- 
static agents. 

[0172] The present invention will hereinafter be de- 
scribed more specifically based on Examples. It should 
however be borne in mind that the present invention is 
by no means limited by the following Examples. Deter- 
mination of physical properties in the Examples was 
conducted by the following methods. 

[Detemriination of the concentration of DMF in a cross- 
linked resin] 

[0173] The weight concentration of DMF in each 
cross-iinked resin was determined using a pyrolysis GC 
(gas chromatograph) which is constructed including 
equipment to be described below. An analysis was con- 
ducted by rapidly heating the cross-linked resin to 
300'C In a below-described pyrolyzer to have the con- 
tained solvent evaporated and then separating and 
quantitating the evaporated solvent by means of GC 
connected to the pyrolyzer. The concentration of DMF 
in the cross-linked resin is expressed in terms of a value 
based on the weight of the cross-linked resin with the 
solvent contained therein. 

Pyrolyzer : "PYR-2A" (trade name; manufactured 
by Shimadzu Corporation) 

GC column: "Chromosoris 1 03" (trade name; manu- 
factured by Shimadzu Corporation) 

[Detemninatlon of water absorption] 

[0174] Each water absorption was measured by the 
below-described tea bag method. The measurement of 
the water absorption by the tea bag method was con- 
ducted using physiological saline and distilled water as 
liquids to be absoriDed. 

[0175] About 0.02 g of a dried superabsorbent resin 



was placed in a tea bag made of nonwoven fabric (80 
mm X 50 mm). The tea bag was immersed in the corre- 
sponding liquid (physiologfcal saline or distilled water), 
in which the resin was allowed to swell for 40 minutes. 

5 The tea bag was then pulled out. After the liquid was 
allowed to drip down for 10 seconds, the liquid was 
sucked out under capillary action on 24 sheets of tissue 
paper which was overtald one over the other. The weight 
of the tea bag with the swollen resin contained therein 

10 was measured . The above procedures were likewise re- 
peated using, as a blank, a similar tea bag only. The 
weight of the blank and the weight of the superabsorbent 
resin were subtracted from the weight of the tea bag with 
the swollen polymer contained therein. A value obtained 

15 by dividing the difference with the weight of the super- 
absorbent resin, that Is, a water absorption per unit 
weight of the superabsorbent resin (g/g-superabsorbent 
resin) was detemnined. Incidentally, the physiological 
saline was a 0.9 wt.% aqueous solution of sodium chlo- 

20 ride. 

Example 1 

[0176] A polysucclnimide (weight average molecular 
25 weight: 96,000) was dissolved in dimethylformamide 
(DMF), whereby a homogeneous solution A (polymer 
solution) having a polymer concentration of 20 wt.% was 
obtained. On the side, lysine monochloride (12.0 kg) 
was added to a 18 wt.% aqueous solution of sodium hy- 
30 droxide (1 7.6 kg) under cooling, whereby a homogene- 
ous solution B (cross-linking agent solution) was pre- 
pared. 

[0177] A cross-linking reactor was constructed as fol- 
lows: A feed line (line A) connected to a high-pressure 

35 pump A and another feed line (line B) connected to a 
high-pressure pump B joined each other. A mixing Junc- 
tion (M) was composed of a mixing section and a cross- 
linking reaction section, the mixing section was con- 
structed of a static mixer (inner diameter: 3,4 mm, 17 

40 elements), and the cross-linking reaction section was 
constructed of a multi-tube tubular reactor lined with a 
fluorinated resin (PTFE) (inner diameter: 10 mm). The 
cross-linking reaction product, i.e., the cross-linked pol- 
ymer was continuously discharged and collected 

45 through a discharge line (line C). 

[0178] Using the high-pressure pump A, the solution 
A (polymer solution) was supplied at a flow rate of 28 
kg/hour through the associated feed line (line A), and 
using the high-pressure pump B, the solution B (cross- 

so linking agent solution) was supplied at a flow rate of 3.9 
kg/hour through the associated feed line (line B). 
[0179] At the above-described flow rates, the resi- 
dence time in the cross-linking reactor (intemal temper- 
ature: 45*C) was 8 minutes, and through the discharge 

55 line (line C), a gel was continuously discharged in the 
fonn of noodles (diameter approximately 10 mm). By a 
chopping machine additionally an^anged at an outlet of 
the discharge line (line C), the noodle-like gel was 
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chopped so that a granular gel was continuously pro- 
duced. After operated for 90 minutes, sampling was 
conducted for 5 minutes. The sampled granular gel (a 
cross-linked polysuccinimide with the solvent contained 
therein; 2.7 kg) was fom)ed Into a slurry in a solvent (50 s 
wt.% water + 50 wt.% methanol) . Hydrolysis was then 
conducted while controlling the sluny at pH 11 to 12 by 
adding dropwise a 1 5 wt.% aqueous solution of sodium 
hydroxide under stirring. In the course of that hydrolysis, 
the viscosity began to rise. The procedure was therefore io 
conducted while adding methanol as needed. Upon an 
elapsed time of 12 hours, the reaction mixture was neu- 
tralized to pH 7 with a 7% aqueous solution of hydro- 
chloric acid. 

[0180] Methanol was thereafter added into the sys- is 
tern, whereby the resultant cross-linked polyaspartate 
salt was caused to precipitate. The solvent was re- 
moved by decantation, and with a mixed solvent of water 
and methanol, the cross-linked polyaspartate salt was 
caused to swell again and was formed into a slurry. After 20 
those procedures were repeated three times, reprecip- 
itation was conducted in anhydrous methanol. The 
cross- linked polyaspartate salt was then recovered In 
the forni of a granular solid. 

[01 81 ] The recovered solid was dried for 24 hours in 25 
BL nitrogen gas stream dryer the temperature of which 
was set at BO'^C, whereby the cross-linked polyaspar- 
tate salt (635 g) was obtained. The cross-linked pol- 
yaspartate salt was ground by using a dry grinder and 
was then subjected to dry classification, whereby a pow- 30 
der the particle size range of which was from 1 00 to 500 
jxm was recovered. With respect to that powder, the wa- 
ter absorption was measured. The following results 
were obtained. 



<Water absorption> 
[0182] 

Water absorption for distilled water 

540 g/g-superabsorisent resin 
Water absorption for physiologteal saline; 

60 g/g-superabsorbent resin 

Example 2 

[0183] Sampling was conducted by repeating the pro- 
cedures of Example 1 likewise except that a polysuccin- 
imide having a weight average molecular weight of 
110,000 was used. 

[0184] An 800-gram aliquot of a sampled granular gel 
(a cross-linked polysuccinimide with the solvent con- 
tained therein; maximum grain diameter: less than 5 
mm) was charged into a flask. Methanol (300 g) was 
next charged as an extraction solvent, and under con- 
ditions of 60*C and 0.1 MPa, the methanol was stirred 
together with the granular gel to conduct an extraction 
procedure. After the extraction procedure was initiated, 
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the granular gel was caused to shrink into a solid form 
and thereafter, was gradually divided Into smaller parti- 
cles. Subsequent to stirring for 2 hours under the above- 
described conditions, the resultant mixture was cooled 
and filtered so that the mixture was separated into an 
extract and a cross-linked polymer. Upon filtration, the 
filter cake was washed using methanol (50 g). 
[0185] With respect to the cross-linked polymer, sim- 
ilar procedures were repeated further three times except 
that the amount of methanol as an extraction solvent 
was changed to 210 g. The cross-linked polymer was 
then dried In a vacuum at 40*C, whereby the cross- 
linked polymer was obtained In a dry fomi (175 g). 
[01 86] A py rolysis QC analysis v/as conducted on the 
cross-linked polymer. The concentration of DMF In the 
cross-linked polymer was determined to be 1 .5 wt.%. 
[0187] Further, the cross-linked polymer was repeat- 
edly subjected to hydrolysis In a similar manner as in 
Example 1 except that the hydrolyzing time was 
changed to 4 hours, whereby a cross-linked polyaspar- 
tate salt (196 g) was obtained. The cross-linked pol- 
yaspartate salt was ground by using a dry grinder and 
was then subjected to dry classification, whereby a pow- 
der the particle size range of which was from 1 00 to 500 
Jim was recovered. With respect to that powder, the wa- 
ter absorption was measured. The following results 
were obtained. 

<Water absorption> 

[0188] 

Water absorption for distilled water: 

590 g/g-superabsorbent resin 
Water absorption for physiological saline: 

66 g/g-superabsortsent resin 



Example 3 

40 [0189] Sampling was conductedby repeatingthe pro- 
cedures of Example 1 likewise except that the polysuc- 
cinimide having the weight average molecular weight of 
110,000 was used. 

[0190] An 800-gram aliquot of a sampled granular gel 
45 (a cross-linked polysuccinimide with the solvent con- 
tained therein; maximum grain diameter: less than 5 
mm) was charged In a flask. Methanol (300 g) was next 
charged as an extraction solvent, and under conditions 
of 60*C and 0.1 MPa, the methanol was stirred together 
50 with the granular gel to conduct an extraction procedure. 
After the extraction procedure was initiated, the granular 
gel was caused to shrink into a solid fonn and thereafter, 
was gradually divided into smaller particles. Subse- 
quent to stirring for 2 hours under the above-described 
55 conditions, the resultant mixture was cooled and filtered 
so that the mixture was separated into an extract and a 
cross-linked polymer. Upon filtration, the filter cake was 
washed using methanol (60 g). 
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[0191] The cross-linked polymer was charged into a 
flask, and under stin-jng, vacuunn drying was conducted 
at 40'»C, whereby the cross-linked polymer was ob- 
tained in a dry fomi. The cross-linked polymer was then 
heated to 1 0O^C, at which vacuum drying was conduced 
for 3 hours at 1 mmHg (0.00013 MPa). 
[01 92] A pyrolysis GC analysis was conducted on the 
cross-linked polymer. The concentration of DMF in the 
cross-linked polymer was determined to be 3.6 wt.%. 
[01 93] Further, the cross-linked polymer was repeat- 
edly subjected to a similar hydrolysis procedure as in 
Example 1 , whereby a cross-linked polyaspartate salt 
(198 g) was obtained. The cross-linked polyaspartate 
salt was ground by using a dry grinder and was then 
subjected to dry classification, whereby a powder the 
particle size range of wh ich was from 1 00 to 500 jim was 
recovered. With respect to that powder, the water ab- 
sorption was measured. The following results were ob- 
tained. 

<Water absorptlon> 
[0194] 

Water absorption for distilled water: 

510 g/g-superabsorbent resin 
Water absorption for physiological saline: 

52 g/g-superabsorbent resin 

Example 4 

[0195] Hexanedlamine as a cross-linking agent was 
dissolved in dimethylformamide (DMF), whereby a 
cross-linking agent solution Bwith hexanedlamine con- 
tained at a concentration of 20 wt.% therein was pre- 
pared. On the side, the polysuccinlmide (weight average 
molecularwelght: 110.000) was dissolved in DMFby us- 
ing a horizontal kneader, whereby a homogeneous so- 
lution A (polymer solution) having a polymer concentra- 
tion of 35 wt.% was obtained. 
[0196] As the apparatus provided with the feed line 
(line A), the feed line (line B), the mixing junction (M) 
and the discharge line (line C), a horizontal twin-shaft 
kneading reactor (D = 40 mm, UD ^ 33) was In this Ex- 
ample. 

[0197] The solution A (polymer solution) was contin- 
uously supplied at 14 kg^our into the horizontal twin- 
shaft kneading reactor, in which the solution A (polymer 
solution) was continuously mixed with the crosslinking 
agent solution B continuously supplied at 0.60 kg/hour 
such that a continuous cross-linking reaction was con- 
ducted at 50»C (residence time in the reactor: approxi- 
mately 4 minutes). The horizontal twin-screw kneading 
reactor was provided at a die portion of an outlet thereof 
with five discharge orifices of about 4 mm In diameter. 
Through those discharge orifices, the cross-linked pol- 
ymer was continuously discharged as a viscous rod- 
shaped gel. 



[0198] Under the above-described steady operation, 
sampling was conducted. A 500-gram aliquot of a sam- 
pled cross-lined polymer (a cross-linked polysuccinim- 
ide with the solvent contained therein) was charged into 
5 a flask. Methanol (300 g) was next charged as an ex- 
traction solvent, and under conditions of 60*C and 0.1 
MPa, stin'Ing was perfomied to conduct an extraction 
procedure. After the extraction procedure was Initiated, 
the cross-linked polymer was caused to shrink into a sol- 
10 Id fomi and thereafter, was gradually divided into smaller 
particles. Subsequent to stirring for 2 hours under the 
above-described conditions, the resultant mixture was 
cooled and filtered so that the mixture was separated 
into an extract and a cross-linked polymer. Upon flitra- 
'5 tion, the filter cake was washed using methanol (50 g). 
[01 99] With respect to the cross-linked polymer, sim- 
ilar procedures were repeated furtherthree times except 
that the amount of methanol as an extraction solvent 
was changed to 250 g. The cross-linked polymer was 
20 then dried in a vacuum at 40*C, whereby the cross- 
linked polymer was obtained in a dry form (208 g). 
[0200] A pyrolysis GC analysis was conducted on the 
cross-linked polymer. The concentration of DMF in the 
cross-linked polymer was detemilned to be 1 wt,%. 
2S [0201] Further, the cross-linked polymer was repeat- 
edly subjected to hydrolysis in a similar manner as in 
Example 1 except that the hydrolyzing time was 
changed to 8 hours, whereby a cross-linked polyaspar- 
tate salt (266 g) was obtained. The cross-linked pol- 
30 yaspartate salt was 'ground by using a dry grinder and 
was then subjected to dry classification, whereby a pow- 
der the particle size range of which was from 1 00 to 500 
\im was recovered. With respect to that powder, the wa- 
ter absorption was measured. The following results 
35 were obtained. 

<Water absorption> 
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[0202] 

Water absorption for distilled water: 
690 g/g-superabsoriDent resin 

Water absorption for physiological saline: 
71 g/g-superabsort3ent resin 

Comparative Example 1 



[0203] The polysuccinlmide (weight average molecu- 
lar weight: 96,000; 10 g) was dissolved in dimethylfor- 
so mamide (DMF; 40 g), whereby a homogeneous solution 
A (polymer solution) having a polymer concentration of 
20 wt.% was obtained. On the side, lysine monochloride 
(2.8 g) was added to a liquid mixture consisting of dis- 
tilled water (3.4 g) and a 25% aqueous solution of sodi- 
S5 um hydroxide (0.74 g), whereby a homogeneous solu- 
tion B (cross-linking agent solution) was prepared. 
[0204] The solution A (polymer solution) was placed 
in a glass-made reactor (200-mL) and then stin-ed at 500 
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rpm. Ten (1 0) minutes later, the solution B (crosslinking 
agent solution) was added dropwise Into the reactor 
over 30 seconds such that the*solution B was nnbced with 
the solution A. 

[0205] The viscosity of the reaction mixture Inside the s 
reactor Increased with time. Upon an elapsed time of 
about 2 minutes subsequent to the initiation of the drop- 
wise addition of the solution 8, the resulting gel wound 
on and around a stirring blade, and no further stln-lng 
was feasible. In addition, the gel stuck on the stirring io 
blade and in the reactor. It was extremely diffteultto re- 
move the gel. 

[Comparison between Examples 1-4 and Comparative 
Example 1, and Discussion] 15 

[0206] In Comparative Example 1 , bulky gelation took 
place during the cross-linking reaction, and the produc- 
tivity was extremely low. In contrast. It was possible to 
continuously produce in each of Examples 1-4 the 20 
cross-linked polyaspartic acid, which is capable of ex- 
hibiting high water absorption, with high productivity. 
[0207] Further, in each of Example 2 and Example 4, 
the cross-linked polymer was obtained with the residual 
concentration of DI\^F, a crosslinking reaction solvent, 25 
significantly lowered owing to the extraction procedure 
making use of methanol as an extracting solvent. With 
respect to those cross-linked polymers, It has also been 
conflmriedthatthelrcrosslinklng procedures can be con- 
ducted in still shorter time than the crosslinking proce- 30 
dure in Example 1 . In Example 2, the combination of the 
extraction procedure making use of methanol as an ex- 
tracting solvent and the drying procedure made it pos- 
sible to obtain the cross-linked polymer with the signifi- 
cantly-lowered residual concentration of DMF as a 35 
crosslinking reaction solvent. 

[0208] According to the present Invention, cross- 
linked polymers which show high water absorption can 
be continuously produced with high productivity as Is ap- 
preciated from the foregoing. 40 



Claims 

1 , A continuous production process for a cross-linked 45 
polymer, including mixing an uncross-linked poly- 
mer and a cross-linking agent together and con- 
ducting a cross-linking reaction, which comprises 
the following steps: continuously mixing said un- 
cross-linked polymer, which has been fed in a liquid so 
torn through a feed line (line A), and said cross- 
linking agent, whfeh has been fed in a liquid fomn 
through another feed line (line B), together at a mix- 
ing junction (M) such that said uncross-linked poly- 
mer is allowed to continuously undergo said cross- 55 
linking reaction; and continuously discharging and 
collecting the resulting cross-linking reaction prod- 
uct as said cross-linked polymer through a dis- 



charge line (line C). 

2. A continuous production process according to claim 

1, wherein said uncross-linked polymer Is a hy- 
drophilic polymer. 

3. A continuous production process according to claim 

2, wherein said hydrophllic polymer Is a water-sol- 
uble polymer. 

4. A continuous production process according to claim 
1 , wherein said uncross-linked polymer Is a super- 
absorbent polymer and/or a superabsorbent poly- 
mer precursor. 

5. A continuous production process according to claim 
1, wherein said uncross-linked polymer is an un- 
cross-linked polyamino acid derivative. 

6. A continuous production process according to claim 
5, wherein said uncross-linked polyamino acid de- 
rivative Is a uncross-linked polysucclnlmide. 

7. A continuous production process according to claim 
1. wherein said cross-linked polymer is' a hy- 
drophllic cross-linked polymer. 

8. A continuous production process according to claim 
7, wherein said hydrophilic cross-linked polymer Is 
a water-insoluble polymer. 

9. A continuous production process according to claim 
7, wherein said hydrophllte cross-linked polymer is 
a superabsorbent polymer and/or a superabsorbent 
polymer precursor. 

10. A continuous production process according to claim 
9, wherein said superabsorbent polymer precursor 
Is a cross-linked polysucclnlmide, and said super- 
absorbent polymer is a cross-linked polyaspartic 
acid. 

11 . A continuous production process according to claim 

I, whereln'said cross-linked polymer is a cross- 
linked polyamino acid derivative. 

1 2. A continuous production process according to claim 

II , wherein said crosslinked polyamino acid deriv- 
ative Is a cross-linked polysucclnlmide and/or a 
cross-linked polyaspartic acid. 

13. A continuous production process according to claim 
1, wherein said cross-linking agent comprises a 
polyamlne. 

1 4. A continuous production process according to claim 
13, wherein said polyamlne is lysine. 
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1 5. A continuous production process according to claim 
1, wherein said mixing junction (M) comprises a 
mixing section and a cross-linlcing reaction section, 
said uncross-linked polymer In said liquid form and 
said cross-linking agent in said liquid form are con- s 
tinuously mixed In said mixing section, and said un- 
cross-linked polymer in said liquid fomn and said 
cross-linking agent in said liquid form are continu- 
ously subjected to said cross-linking reaction. 

10 

16. A cross-linked polymer produced by a process as 
defined in claim 1. 

17. A continuous production apparatus for a cross- 
linked polymer, which comprises a feed line (line A) is 
for feeding an uncross-linked polymer in a liquid 
fonn, another feed line (line B) for feeding a cross- 
linking agent in a liquid form, a mixing junction (M) 
and a discharge line (line C) for discharging said 
cross-linked polymer, wherein said mixing junction 20 
has a function to continuously mix said uncross- 
linked polymer, which has been fed in said liquid 
fomn through said feed line (line A), and said cross- 
linking agent, which has been fed in said liquid form 
through said another feed line (line B), together 2s 
such that a cross-linking reaction Is continuously 
conducted, and said discharge line (line C) has a 
function to continuously discharge and collect the 
resulting cross-linking reaction product as said 
cross-linked polymer. 30 

1 8. A production process for a cross-linked polyaspartic 
acid resin, which comprises the following steps: (1) 
producing a cross-linked polys uccinimide by a proc- 
ess as defined In claim 1 ; and (2> then subjecting at 3s 
least a part of imide rings in molecules of said cross- 
linked polysuccinlmlde to a hydrolysis reaction con- 
tinuously or batchwise to produce said cross-linked 
polyaspartic acid resin. 

40 

1 9. A production process according to claim 1 8, further 
comprising, between said step (1) and said step (2), 
the following step: (1') isolating said cross-linked 
polysuccinlmlde. which has been produced in step 

(1 ), continuously or batchwise. 45 

20. A production process according to claim 19, where- 
in said hydrolysis reaction is conducted at pH 7.5 to 
pH 14.0. 

so 

21. A cross-linked polyaspartic acid resin produced by 
a process as defined In claim 18. 
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